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PEEFACE 



The student of Organic Chemistry will probably 
be impressed at an early stage with the importance 
of metallic sodium and its compounds in synthetic 
work, and will subsequently mark the value of such 
substances as acetoacetic-, malonic-, and cyanacetic- 
ester and their sodium compounds. 

He will notice the use of aluminium chloride in 
the preparation of varioiis aromatic compounds, will 
hear the story of the discovery of the zinc alkyls, 
and will possibly be attracted by those interesting 
bodies, the organo-metals. 

Various metals and metallic derivatives have been 
utilised in the development of Organic Chemistry, 
and during recent years, much attention has been 
given to the use of magnesium iu the Grignard 
reaction and to the value of the carbides in the 
fixation of atmospheric nitrogen, while the reduction 
and synthesis of organic compounds in tho pro.sonco 
of reduced nickel and other metals has, by develop- 
ment, led to the discovery of nuiuorous catalyti(! 
changes in the presence of certain metallic oxides. 
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I'EirACE 



In this volume an attempt has been made to 
present an account of the uses to which the metals 
and certain of their compounds have been put, and 
the work is based upon a course of lectures, on this 
subject, recently given by the author to the advanced 
students of Finsbury Technical College. 

Bach chapter is supplemented by an appendix of 
practical work exemplifying the methods mentioned 
in the text, 

Most of the preparations have been carried out in 
the College laboratories, and in connection with [this 
part of the work the author desires to acknowledge 
the valuable assistance of two advanced students, 
Messrs. T. McLachlan and B. Mendoza. He is also 
indebted to Mr. F. W. Streatfeild, F.I.C., Senior 
Demonstrator, for help during the reading of the 
proofs. 

A. J. H. 



London; 

February, 1914. 
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THE SYNTHETIC USE OF METALS 
IN ORGANIC CHEMISTRY 

CHAPTERS I 

SODITJM AND POTASSIUM 

Almost the first uietal to be used foi- oi’ga'oic 
synthesis, sodium continues to hold a foremast posi- 
tic*i among all the metals utilised as synthetic agents 
in organic chemistry. Although pota.ssium was the 
first used, being applied by Frankland and IColbe 
in 1848 to the preparation of hydrocarbons by heat- 
ing the metal with alkyl nitriles, yet sodium has 
always received a far wider application. Twenty- 
three parts by weight of sodium suffice to bring 
about a chemical change which would require the 
use of thirty-nine parts of potassium, and thi.s fa.ct, 
together with the lower price of sodium, gives the 
metal an economic advantage. 

Another reason for the priority of this metal i.s that 
in many cases the more electro-po.gitive and luoro 
chemically active potassium proves to be too violent 
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ill its action, and rendei’S the control of the reaction 
difficult. 

After the investigation of Frankland and Kolbe 
mentioned above, Frankland in the following year 
heated metallic zinc with alkyl iodides, and besides 
preparing paraffin hydrocarbons in this way, he 
also discovered the zinc alkyls, the first of the 
organo-metallic compounds,^ 

In 1850, Williamson prepared certain ethers by 
the interaction of alkyl iodides and sodium ethoxide, 
a method of preparation which rendered evident the 
constitution of these bodies : 

CjHjI+CsHjONa = Nal + CsHj.O.CjHj. 

In 1855, Wurtz emphasised the importance of 
sodium for preparing the paraffin hydrocarbons, and 
prepared di-isobutyl, by the action of the metal 
upon isobutyl iodide* : 

2(CH3)3CH.CH3l + 2 Na = (CH3)3CH.CH3.CHj.CH(CH3)3 + 2 NaI. 

A few years later, Fittig applied this reaction to 
the synthesis of aromatic hydrocarbons by condensing 
aryl and alkyl radicles. The following reactions 
will indicate the usefulness of this method® : 

CjHjBr + CHjBr + 2 Na = CjHj'.CHj + 2 NaBr. 

Brojnbenzene. Methyl Methyl benzene 

bromide. (toluene). 

CijH^Brg + 2C2H5I + 4 ]Sra =» 03114(02115)3 + 2 NaI + 2 NaBr 
Dibrom-benzene. Ethyl iodide. Diethyl-benzene. 

In these changes the alkyl gi’oups take up the 
positions occupied by the halogens in the benzene 
nucleus. 

After 1850, various compounds were prepared by 
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tlie agency of aoclimn and potassium, and t.li(» follow- 
ing are examples of somo of tlio Imst known imctiniiK 
of this class : 

Phenol and other formation ; 

+ Oir,r « C„lh.O.(lIl3 i- Nal 
Sodium plioiiato. AiiiHolo 

(liiotliyl i)li(iriyl ot lior). 

Tho sanio exchango is offoctod liy using' an nlkyl 
sulphate or an alkyl hydrogen Hnlphato : 

ajHjOK + Cjirjisth * c»ih.o.(f-iij + Kii.so, 

Etliyl liyilropron 
sulphato. 

2 CaIl 50 K + (Cirj)jSO^ SOjIh.O.CTr, + K.jS<h 

Methyl sulphate. Ethyl itiolliyl (itlmr, 

The following aro characteristic reactions of 
alkyl potasainm .sulphatoa : 

When heated alone tluiy yield olelino.s ; 

Ojigrcso^ ~ Ojii, + icii.sth. 

When hoilod with water jjioy yield alcohols: 

C-jIIsKSO^ -I- JIjO - CalhOII I- KUHfh. 

When treated with Kl, KON, K^.S, KHII, tlu'y 
yield alkyl iodides, nitrih'S, thio-idhers and mcr- 
captaiis respectively : 

KK.SO4 + icr Kl + K.jSO,, 

KKSO^ 1. KCN .. HON "1 K..S(g 
2KK,.S(g + IC.S ™ K.H.R + 

KKSO.1 + KSIl K.S.II. + K-jHig. 

When heated with tho alkali salts of organic, acids, 
esters are ohtained : 

RKSO^ + OHjOOOK ^ Cir,COOK + K..HO, 

RKSCh + CJl.OOONft C«lld!<)OH i- KNiuSO,. 

Sodium biiiixoato. 
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Acid anhydrides are produced by distilling a 
mixture of the acid chloride with an alkali salt of 
the acid ; 

CH3COCI + CHaCOONa = (CHaC0)„0 + NaCl 

Acetyl diloride. Acetic anliydride. 

CsHaCOCl + CaHjCOOK = (CaHaC0),0 + KCl 
Benzoyl cUoride. Benzoic anhydride. 

Numerous hydrocarbons can be prepared by the 
action of sodium upon halogen substitution products. 

In addition to those already mentioned, un- 
saturated hydrocarbons can be synthesised in this 
way : 

2CH5.-CH.CHjI + 2Na = CHj:CH.CHj.CHj.CH:CHj + 2NaI 

Allyl iodide. Diallyl. 

2CHj:CHBr 2Na = CH. : CH.CH ; CHj + 2NaBr 

Vinyl bromide. Divinyl. 

Sodium has played an important roh in the pre- 
paration of many polymethylene hydrocarboms and 
their derivative.s. 

The first member of this series of hydrocarbou.s 
was prepared by Freund (1882), by allowing .sodiniu 
to act upon trimethylene bromide'*' : 



/CHjBr 

CHj:; + 2 Na 

\CHoBi- 



/CH.. 

CH/^([^h’ + 2 NaBr. 



The same method was used in 1888, for preparing 
methyl tetra-m ethylene from 1 : 4-dibrompentane** ; 

CH-.CH. CHj 

CH3.CHBr.CHj.CHj.CHjBr + 2Na = | I + 2NaBr, 

CH2.CH5 

and again in 1894 for preparing hexamethylene from 
the corresponding dibromide : 
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CHj.CH„.CH2Br CH3.CH..CH3 

I ' + 2Na =1 I + 2 NaBr. 

CH3.CH3.CH2B1- CH3.CH3.CH3 

Cyclohexuno. 

Many polyniethyleiie carboxylic acids can bo pre- 
pared by the aid of di-aodium uialonato : 

CHjBr /COOCJI5 CIl3\ /COOC3II5 + liNiiBr 

[ + Na..C - I C 

CHoBr \COOC2IIs CHj/ \COOC3II5 

Triinotliyleiie dioiiihoxylic oatov. 

The condensation iirodnct when liydrolyaod gives 
the corresponding acid and the latter on heating, 
passes to a monocarboxyl componiid : 

CH.\ /COOH Heat CH„\ 

I ■ I ;OH.COOH + CO3. 

CHj/ \COOH CH.y 

Similar coinponnds are formed by using triniothy- 
lene dibroniide and pentamothylouo dil)roinido.'' 

Numerous acids may bo pi-eparod by tho action uf 
carbon dio.xide upon aromatic halogen compounds, in 
the presence of sodium. 

This method was first used by ICokiile in I860 tor 
preparing benzoic and toluic acids fi’om brombonzono 
and bronitoluene : 

CoHsBi- + CO3 + 2Na = CJEI^COONii + NaBr 

/CH3 CH3 

CO3 + 2 Na =3 CflH.j^ + HiiBr. 

^Br NjOONii 

Magnesinin is now used instead of sodium for this 
type of reaction (see later). 

Wurtz, by the aid of chlorofornn'c ostor, prepared 
the corresponding estors of these acids : 

CjHjBr + 2Na + CICOOC.H5 = CoHj.COOCjlIj + NaCl + NaBr. 
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Uses op Aceto-acetic Estee. 

This useful reagent was discovered by Geuther in 
1863j who prepared it by the action of sodium upon 
ethyl acetate. 

About the same time Frankland and Duppa, using 
the same reaction, discovered that the hydrogen 
atoms of the methylene group are replaceable by 
sodium and various organic radicles. 

Geuther represented the substance as CH 3 .C(OH) 
: CH.COOCgHg, that is /3-hydroxycrotonic ester, but 
Frankland and Duppa preferred the keto formula 
CH 3 .CO.CH 2 .COOC 2 H 5 , and represented it as aceto- 
acetic ester, 

The formation of tho substance may be represented 
thus : 

CH3.COOCjHs + CHj.COOCjHj = CHj.CO.CHj.COOCjHj + CjH.OH.s 

Wislicenus had by 1877, investigated the substance 
and shown that other substances contained methy- 
lene groups, the hydrogen of which could be replaced 
by sodium.® 

A few years later, Conrad showed that an alcoholic 
solution of sodium ethoxide would suffice, in place of 
metallic sodium or the dry ethoxide, for this type of 
reaction ; he applied his method in particular to the 
preparation of alkyl malonic esters.^® 

Not only does condensation take place between two 
molecules of an ester such as acetic ester, but also be- 
tween an ester and a ketone. Acetyl acetone can be 
prepared, for example, from acetic ester and acetone : 

OH3.COOC5H5 + CH3.CO.CH3 = CH3.CO.CH3.CO.CH3 + C3H3OTT, 

Propionic and butyric esters undergo the same 
type of condensation ; 
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2 CH 3 .CH 2 .COOC 2 H 5 = CH,.CHj.C 0 .CH.C 00 CjH 5 + CjHjOH 

I 

CHj 

Propio-propionio ester. 

2CjHs.CH„.COOC 2H5 = C2H5,CH2.CO.CH.COOaH5 + CjHjOH 

CA 

Bntyrobntyrio ester. 

Ill both cases the carboxyl group of one molecule 
of the ester attaches itself to the a-carbon atom of 
the other. The yields in both cases are lower than 
that obtained with acetic ester, which is about 25 
per cent, of that calculated. 

Isobutyric and isovaleric esters were found by 
Hantzsch^^ to follow a different course. 

The compound which might be expected when 
using isobiityi'ic ester could not be isolated, and was 
apparently reduced by the sodium present to eth- 
oxycaprylic oster, while simultaneously some of it 
bccamo hydrolysed to hydroxycapiylic acid thus : 

2q^^CH.COOC2H5 ->■ 

(CHj)2Cn.C(OH)(OC2H5).C(CH3).2.COOC2H5 
Not isolated. 

Partly reduced to (CH3)3CH.CH.(OCjH5).C(CH3),.COOC2H5 
Ethoxycaprylic ester. 

Partly hydrolysed to (CH3)2CH.CH(OH).C(CH3)j.COOH 
Hydroxycaprylio acid. 

Similar changes occurred when using isovaleric 
ester and are represented by the following oquations ; 
2(CH3)jCH.CH2.COOC2H5 -> 
(CH 3 )jCH.CIL.C(OH) (0C2H6).CH.C3H7.C00R 
Not isolated. 

(Cn3).2CH.CH2.CH(OC2H5).CH.C3H7.COOCjH5 Ethoxyoaprio ester. 
(CHs)2t:H.CH3.CH(OH).CH.C3Hj.COOH Hydroxycaprio acid. 

Acetoacetic ester was tho first of those cempeunds 
te be studied, which contain the greupiug — CO — 
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CH^— CO— , the hydrogen of the methylene group 
(CH2) being replaceable, entirely oi- in part, by 
sodium. Around its constitution and principal re- 
actions much controversy was destined to take place, 
and even now the last word has not been heai'd con- 
cerning this important and interesting substance. 

Geuther, endeavouring to show that a second 
hydi’ogen atom of acetic acid could be replaced by 
sodium, caused the metal to act upon acetic ester, 
Hydrogen was evolved, sodium ethoxide was foinied, 
and a solid sodium compound was isolated, having the 
composition CgHgOgNa, which on acidifying yielded 
an oil capable of forming’ salts with bases. Geuther 
also proved that by the action of alkyl iodides the 
sodium was replaced by alkyl, and this fact was con- 
firmed shortly after by Frankland and Duppa. 

Wislicenus next showed that the product under 
discussion was acetoacetic ester and that two hydi-ogen 
atoms wore replaceable by sodium in two stages. 
He represented the reactions in the following manner, 
adopting the formula of Frankland : 

(i) CH3.CO.CHNa.COOCiH5 + CaHsI = 
CH8.CO.CH(C2H5).COOCaH5 + Nal 
(ii) CHs.CO.CNa(C2Hj).COOC2Hi + C2H5I = 
CH8.CO.C(CjHs)3.COOCaH5 + Nal 

Geuther ascribed the enolic or hydroxylic formula 
CH3.C(0H) ; CH.COOCaHg to the substance, main- 
taining that it explained better its chemical nature.^^ 

Claisen was the first to propose an important ex- 
planation of its mode of fonnation, and offered a view 
which is still regarded with favour.’® This view is, 
that the condensation of acetic ester, and other con- 
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deiisations of this type, take place through the 
formation and subsequent decoiiipositiou of aii inter- 
mediate addition compound, in the formation of which 
sodinm ethylate plays an important role. Tho stages 
of the reaction may therefore be represented thus : 

^ONa 

CH3.COOC.H5 + C3lIf,ONa = ClI3.C-OC.jIlV, (Intoi-modittto 00m- 

\0C-H5 

^ONa 

CH3.C-OC3H5 + Cn3.COOCjIl5 = 

\0CJI5 

CH3.C(ON:i): CH.COOCjHj + 2C.JH5OU. 

Sodium derivative. 

The sodium derivative is decomposed by weak acids 
yielding acetoacetic ester, for which reason tho 
derivative is frequently represented with sodium 
linked to carbon directly and the liberation of tho 
ester is then represented thus : 

CH3,CO.CHNa.COOCiH5 + HCl = CII3.CO.CII2.COOC5I4 + NiiCl 

The above iiitermediato compound has not boon 
isolated, but by the interaction of bounoic methyl- 
ester and sodium benzylate an analogous compound 
has been produced and separated. 

^ONa 

CjHj.COOCHj + CoHj.CHjONa = CUH5.C -OCH3 

\0CH.jC„Il5 

Other compounds containing' a methylene group, 
the hydi'ogen of wliich is replaceable by sodium and 
by alkyl gi'oups, are : 

Aoot'yl ocotono CH3CO.CJl.j.UOC!lla 
Malonio ester CJI500C.<JU-.C0(,X !- 1 I-, 

Acetone dioarboxylic cstor C3H500C.<.lll2.C0.*C'l'l3,CU0C.jn„ 
Cyaiiacotic ester NC.CIL.COOCjHj 
Benzyl cyanide NC.CH.j.Mhr 
Deoxybenzoin C,H5.Cl^..fii^^^Ij. 
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A few applications illustrating the value of these 
sodium derivatives may now be outlined. 

The sodium derivative of acetoacetic ester, pre- 
pared by treating the ester with an alcoholic solution 
of sodium ethylate, ia converted into an alkyl sub- 
stituted ester by boiling with any alkyl iodide : 

CH3.CO.CH«.COOCiH6 CHs.CO.CHNa.COOC2H5 
CH3.CO.CHR.COOC3HJ 

A second radicle R* may be caused to replace the 
second hydrogen of the methylene group, by repeat- 
ing the treatment with sodium ethylate and an alkyl 
iodide RT. 

CH3.CO.CHE.COOC2H5 ^ CH3.CO.CNaR.COOCjHj 
CHj.CO.Cli'R.COOCJIs 

These substituted esters, like aceto-acetic ester 
itself, can be hydrolysed in two different ways and 
thus yield a variety of ketones and acids of the 
acetic series. 

Boiling with dilute acid or dilute alkali brings 
about ketonic hydrolysis chiefly : 

R 

CH3.CO.i.COOC2H5 + H3O = CH3.CO.CHRR1 + OO3 + CjHjOH, 

I Kotouo 

Ri 

while boiling with strong alkali favours acid hj^dro- 
lysis ; 

R 

I 

CH3.CO.C.COOC..HJ + 2H.O=Cll3COOH + CIIRRICOOII + C2H5OH. 

I Acid 

R‘ 

Malonic ester in particular can be used for pre- 
paring higher acids of the acetic series by first 
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replacing one or both of the methylene hydrogens 
by an alkyl group : 



CHj 



/COOCoHj 

\COOC2H5 



CHR 



/OOOCjHj 

\COOCsH5 



or CER' 



/COOCjHj 

\cOOC2H5 



On hydrolysis these substituted maloiiic esters 
give the corresponding acids and the latter on being 
heated to 200° lose carbon dioxide : 



chr: 



/COOH 

\C 00 H 



/COOH 

R.CHo.COOH ; CRRi-^ -> RR'CH.COOH 

\COOH 



The monosodiutn derivative of aceto-acetic ester 
on treatment with iodine undergoes condensation to 
a dibasic ester (diaceto-succinic ester). 

CH3.CO.CHNa.COOC,Hs CHj.CO.CH.COOCjHj, 

+ I3 = I + 2NaI 

CH3.CO.CHNa.COOCjHj CHj.CO.CH.COOCjHj 

The mono-sodium compound of malonic ester 
gives a tetra-carboxylic ester when similarly treated 
(ethane tetra-carboxylic ester): 

/COOGjHj CH(COOCjH5)3 

2CHNa < + I3 = I + 2NaI 

\COOC3H5 CH(COOC2H5)j 



Acetyl aceto-acetic ester is prepared by the action 
of acetyl chloride upon the compound CH3.CO.CH 
Na.COOCgHg, and on hydrolysis gives acetic and 
aceto-acetic acids : 

CH3.CO.CH.COOC3H5 

I + 211.3O = 

OOCH, 

CH3.COOH + CH3.CO.CTR.COOH + CaJjOH 



In a similar manner, by using a-nionochloracetone, 
tho -y-diketone, acetonyl acetone, is obtained after 
hydrolysis^® : 
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CH 3 .CO.CHNa.COOCaHs + ClCHj.CO.CH 3 = 
CH 3 .CO.CH.COOCSH 5 + NaCl 

CHj.COCH, 

Heating with water at 160° is sufficient to hydro- 
lyse the substitution compound and eliminate carbon 
dioxide : 

Cn3.CO.CH.COOGjIl5 CH3.CO.Cn.COOH 

I I 

CHj.CO.CH3 CHj.CO.CH;, 

CH3 .CO.CH;.CIIj.CO.CU3 + CO, 



Acetoiiyl acetone affords a means of passing to 
f urfni’ane, thioiih due, and pyrrol deri vati vcs. Heated 
with dehydrating agents such as zinc chloride or 
phosphorus pentoxide, it yields dimethyl fnrfuraue, 
a change which is sometimes explained by the 
following steps : 



CHj.CO.CH3 

iHj.CO.CH3 



CH: 



I /O. 



OH 

CHj 



CH-.Cv. .CHj 
I >0 
CH iC/.CH;, 



HjO 



Heated with phosphorus pontasulphido it yields 
the corresponding thiophene compound, while the 
action of alcoholic ammonia solution forms a pyrrol 
compound : 



CH; 



CH3 

H 
/OH 
CH:C< 

\CH3 



< 



HjS = 



CH : C V ,CH 3 
1 >S + 2H,0 
CH:C/.CH;, 
dimothyl-thiophene 






CHj 

CH : 

, s 

CH.C/ 



^CHj 



CH : (A .CH;, 

I >NH + 2H,0. 

CH:(X.CH3 

dimotliyl-pyrrol 
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The behaviour of sodium ethyl aceto-acetate to- 
wards chloracetic ester and chloroformic ester respec- 
tively, indicates that the compound exhibits dynamic, 
isomerism because in the first reaction it behaves 
as though sodium were directly united to carbon, and 
in the second reaction as though the sodium were 
united to oxygen : 

CH 3 .CO.CHNa,.COOC.Ib + CICH 2 .COOC 5 H 3 = CHj.CO.CH.COOCjHj 

(Ih3.COOCjH3 
Aoeto-succinic ester 
/ OCOOGjHj 

CHa.CONa : CH.COOC3H5 + aCOOCsHj = CH3.C 1 

^CH.COOCjHj 
iS-carbethoxy-crotonic ester 

From acetyl-acetone a series of j3- or 1 : 3-di- 
Icetoues can be obtained by treating the mono-sodium 
compound with alk 3 'l iodides ; 

CH-,.CO.CHNa.CO.CH3 + CjE,,! = 
CH3.C0.CH(C2H5).C0.CH3 + Nal 

Treatment of the sodium derivative with iodine 
gives tetra-acetyl ethane : 

CH3.CO.CHNa.CO.CH3 CH3.CO.CH.CO.CH3 

+ I. = ■ I + 2 NaI 

CH,.CO.CHNa.CO.CH;, ' CHs.CO.CH.CO.CHb 

Aceto-acetic ester is technically valuable in the 
preparation of antipyrine. The ester is first allowed 
to react with phenyl-hydrazine, and the ring com- 
pound formed is then converted into aiitipyriu by 
methyl iodide aud sodium ; 

CH.,.C0.CH.,.C00C5H3 + C«H,.NH.NH, 

= CHiiC.CHj.COOCjHs 

II + HjO.‘ 

N‘.NH.C„H5 
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The hydrazone then loses CgHgOH and forms 
l-phenyl-3-raethyI pyrazolon : 

CHj.C : CH.CO 

I I 

NH— N.CjHj 

which then passes to 1:2: 3-phenyl dimethyl- pyra- 
zolon. 

From benzylcyanide and deoxybenzoin alkyl 
derivatives can be formed by the action of sodium 
and alkyl halides : 

C^s.CHj.CN C0H5.CHU.CN 
CoHj.CHj.COCoHo -> C0H5.CHRCOC5H5 

The preparation of dimethyl succinic ester will 
illustrate the use of cyanacetic ester,’® 

The sodium compound is condensed with a-brom- 
propionic ester to form cyano-methyl succinic ester : 

CN CH;, CN CHj 

CHNa + Br.cLc = CH (Ih + NaBr 

I I I I 

COOCjHs COOC2H5 COO-Ht COOCiiHi 

This substance is then treated with NaOEt and 
CHjI and the product hydrolysed with loss of carbon 
dioxide : 

CN CH, CN CII;, 

I i II 

CNa CH + CHal ■= C.CH;, CH + Nal 

COOCjHj ioOCjHj (ioOCoHj COOCjHo 

Hydrolysis COOH CH, -CO, CH, CH, 

-^11 II 

C.CHa CH -> CH CH 

ioOCjHj COOCjHj ioOCoHj ioOGjHs 

The synthesis of S-keto-hexahydrobenzoic acid 
further illustrates the use of cyanacetic ester.^'i' 
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The di-sodium derivative is condensed with j3-iodo- 
propionic ester to form -y-cyanopentane-a-ys-tricar- 
boxylic ester : 

C2H500C.C(CN)N.a.2 + 2CH2I.CHJ.COOC2H5 

/CH2.CH2.COOaHji 

= C,H 500 C.C(CN) + 2NaI 

\cH 2 .CH 2 .COOC 2 Hi 

Hydrolysis of this cyano-ester gives pentane-a-ys- 
tricarboxylic acid, which on digestion with acetic 
anhydride and subsequent distillation yields S-keto- 
hexahydro-bennoic acid : 

^CHi.CHo.COOH 

HOOC.cm = HOOC.CH ^CO + COj + HjO. 

\cHj.CH,.COOH \cH2.CHs"^ 

Further examples of the synthesis of cyclic com- 
pounds are : 

The formation of butane tetra-carboxylic ester 
from ethylene dibromide and moiio-sodium-malonic 
ester : 

CH-jEr CH(Na)(COOC2Hj)s CHj.CHCCOOCjHtlj 

I + r =1 + 2NaBr 

CHjBr CH(Na)(COOC2Hj)3 CH2.CH(COOC2Hi)2 

When the sodium derivative of butane tetra- 
carboxylic ester is acted upon by bromine, the result- 
ing product is tetramethylene-1 : 2-tetracarboxylic 
ester : 

CH2.CNa(COOC2H6)2 CHj.CfCOOCjHj)., 

I + Bri = I I + 2NaBr. 

CHo.CNaCCOOCjHs), CHj.CCCOOCjHOa 

The use of trimethylene bromide with sodium 
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malonic ester will make the following reactions 
possible : 

. CHj.CHCCOOQiHsla ^ CHi.C(COOC2H5)2 

Ck/ ->CH.i j 

\ CH2.CH(COOCjHr,)s \ CHj.ClCOOC-Hs)., 

Pentaruetliy lene-tetraearboxy 1 i o ester 



Using methylene iodide instead of bromine, a 
cyclohexane-tetracarboxylic ester results : 

^ CH2.CNa(COOC4H5), 

CH,^ + CH.,!, = 

\ CH2.CNa(COOC2Hj)2 
^CHj.C(COOCjH5)j 
CHj^ ^CHj + 2NaI 
\cHj.C(COOCjHj).2 



Succino-succinic ester is formed by the condensa- 
tion of succinic ester in the presence of sodium 



CjHtOOC.CHj.CH,.COOa2Hi . 
C2HjOOC.CHj.CHj'.COOCjHi 



CjHjOOC.Ch/ 

oc 



'^CO + 2C.IIj;l 
CILCOOCjHj 

Vk/ 



and this on oxidation is converted into 2 ; 5-dihydroxy- 
terephthalic ester ; 

C-COOCsIIj 
HC C.OH 

II I 

HO.C CH 

C-COOCsHs 



Succino-succinic ester can also be prepared by the 
action of sodium upon a-bromaceto-acetic ester. 
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CHj.CO.CHBr.COOCjHs 

+ 

CoH5OOC.CHBr.CO.CH3 



HjC 

I 



CO 

/ \ 



C0H.00C.HC 



\ 



CO 



CH.COOCjH5 

CHj 

/ 



When hydrolysed with sodium hydroxide the ester 
passes to the correspondiug acid, and this is decom- 
posed when heated to 200° into j3-diketohexamethy- 
lene and carbon dioxide ; 



CO 

/ \ 

HjC CH.COOH 

HOOC.Hi CH2 

\ / 



CO 



CO 

/ \ 

HjC CHj 

1 I 

HoC CH, 

\ / 

CO 



+ C03 



The latter substance was used by Baeyer in 
preparing dihydro-, tetrahydro-, and hexabydro- 
benzene.^^ 

Succino-snccinic ester was also used by Baeyer 
for synthesising the terpeue hydrocarbon p-ineu- 
thadiene.^^ 

Snccino-succinic ester, like phloroglucin, exhibits 
dynamic isomerism (tautomerism), behaving under 
some conditions as a keto-body, and under other 
conditions as a hydroxylic, or phenolic body having 
this structure : 

C.OH 

HjC C.COOCiHs 
CjHoOOC.C CH, 

C.OH 



A fnri.her e.vaniplo of ester and ketone condouaa- 
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tion is afforded by the synthesis of acetyl-pyroracemic 
ester, from acetone and oxalic ester : 

COOCaHj 

CH 3 .CO.CH 3 + I = CH3.C0.CH,.C0.C00C3H5 + C 2 H 5 OH 

COOCjHj 

By using mesityl oxide and oxalic ester the con- 
densation product is mesityl-oxide-oxalic ester ; 

CHjv COOC2H5 

V; ; CH.CO.CH 3 + I 
CH3/ COOC3H3 

CH3 

C : CH.C0.CHj.C 0.C00C,H3 + CjHjOH 



CH3 

A case of internal condensation similar to that of 
succinic ester, is the formation of keto-pentamethy- 
lene carboxylic ester from 1 : 4-butane dicarboxylic 
ester : 

CHj-CHjCOOCjHj CHs-CH.COOCoHj 
I = I ^CO + CjHjOH 

CHj-CHjCOOCjHj CHj-CIIj 

Sometimes condensation products are formed by 
the elimination of water. For example : 



CjHj.CHO + CH3.COOC2 Hj = CjHj.CH : CH.COOCjHs + H.O 
Benzaldehyde Acetic ester Cinnamic ester 

• /ON jjQ 

CjH,.CHO + CH, = CjHsCH .- C< + 

\.nr\r\n tj 

Benzylidene cyanacetic ester 



\roOC,Hj 
Cyanacetic ester 



Sodium has been widely used in the synthesis of 
various organo-metals and organo-metalloids, by 
causing the halides of the elements to react with 
organic halogen compounds. The following are ex- 
amples of this type of reaction 
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SnCl^ + dCeHsBi- + 8Na = Sn(C,Hj)4 + 4 NaBi- + 4 NaCl 
SiCl4 + 4CoH5Br + 8Na = Si(CoH5>4 + 4 NaBr + 4 NaCl. 

Sometimes the sodium alloy of the metal is utilised, 
as ill the preparation of tin, lead, and mercury com- 
pounds, by means of tin-sodium, lead-sodium, and 
sodium amalgam respectively 

Pb + 4 Na + 4C3H7I = Pb(C3H,)4 + 4 NaI 
Sn + 4 Na + 4C6H5B1- = Sn(CoHj)4 + 4 NaBr 

It is advisable to accelerate these reactions by 
means of a small quantity of acetic ester, 

Sodium Ethylate. 

The value of this sodium derivative was first 
extensively illustrated by Claisen.** 

It may be used for condensing esters and ketones, 
and esters by themselves as well as with aldehydes, 
in much the same manner as sodium itself. 

Benzoic ester and acetone yield benzoyl-acetone. 
CjHs.COOCjHj + CH3.CO.CH3 = CeHj.CO.CH2.CO.CH3 + CaHjOH 

Succinic ester and acetone yield teraconic ester. 

CH3\ Clij-COOCIjH, (CHjIjCiC.COOCjHj 

^CO + I = I +HjO 

CH3/ CH2.COOG,Hj CHJ.COOC2HJ 

Benzoic ester with acetic ester yields benzoyl-acetic 
ester, while with acetophenone it gives dibeiizoyl- 
m ethane : 

CjHj.COOCjHj + CHa.COOCjHj = CJH5.CO.CH2.COOC2H5 + CjHjOH 
C6Hj.COOC2H5 + CH3.CO.CeHj = CjHj.CO.CHj.CO.CeHj + CaHjOH. 

By condensing formic ester with other monocar- 
boxylic esters, aldehyde esters result, while by using 
oxalic ester, ketonic dibasic esters are formed : 
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HCOOCjH5 + CHj.COOaH5 = HCO.CH0.COOC.H5 + CjHjOH 

Formyl acetic ester. 

COOC0H5 CH5COOGH5 CO.CH3.COOC2H5 

I ' + ■ =■ 1 +2CaH50H 

COOCaHj CriaCOOCjHs CO.CH..COOC2II5 

JDiacetyl dicarboxylic ester. 

Formyl acetouo may be prepared by using formic 
ester and acetone : 

HCOOC2H5 + CU3.CO.CH3 = UCO.CH-.CO.CH3 + CoHjOII 



This substance can bo further condensed by acetic 
acid to triacetyl-benzene : 

CH 

/CHO /\ 

CH3CO.CH./ CH..CO.CH3 CH3CO.C C.COCH3 



CHO CHO 
\:Hi.C0.CH3 



HC CH 

\ 



c 

I 

COCH3 



+ 3H.0 



Similarly acetophenone and formic ester yield 
formyl-acetophenone, which may bo condensed 
further to tribouzoyl beiizoiie. 

Eing condensations tvith oxahe estor are : Diketo- 
cyclopentane dicarboxylic ester from oxalic and 



glutaric esters 



CO— CH— COOCjHs 
\ 

CUj + 2C.H50H. 

CO— COOC3II5 



COOCjHs CHj- COOCjHj 

+ '^Hj 

COOC2H3 cn.3— COOCjHj 

By using /3j3-dimethyl glutaric ester, Kommpa 
obtained diketo-apocainphoric ester which was used 
for the synthesis of camphoric acid 
COOCjHj CH2.COOC.3H5 CO— CH.COOC-II5 

^(CHa), = '^(CUalj + 2C2H5OU 

COOC3H5 CH2.COOC3H5 CO— CH.COOCjH5 
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A methyl group was introduced into the latter 
compound by the aid of sodinm and methyl iodide, 
and the resultant compound reduced and then 
hydrolysed to dihydroxy-camphovic acid : 



CHa 

1 

CO— C— C00C,H5 
CO— CH— COOC-Hj 



CH;, 

CHOH— C-COOH 
CiCHj), 

CHOH— in- coon 



On boiling the last product with jDhosphorus aud 
hydrogen iodide, the result was dehydrocainphoric 
acid, which was then combined with hydrogen brom- 
ide to form /3-brom-camphoric acid, The last named 
substance was reduced by zinc dust and acetic acid 
to racemic camphoric acid : 



CH;| 

CH— (L-COOH 
i(CHj)j 

CH— Jh— COOH 



CHj 

I 

CHj — C— COOH 
d(CH,)j - 

CHBr— CH— COOH 



CH3 

I 

CHj— C— COOH 
L(CH:,)., 
CH,— CU— COOH 



Sometimes the oxalic ester only undergoes half- 
condensation as in the formation of oxalyl acetic 
e.ster; 



COOCoH^ 



CO.Cn..COOCjHr, 



I + CHtCOOCjHs = j 

COOC 1 H 5 COOCjHj 



+ c-iiiOn. 



By means of sodium ethylate or sodium, Claisen 
prepared hydroxymethylene camphor by condensing 
camphor with amyl formate 
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/ 

14 

\ 



OIL + HCOOQH,, 



CO 



C.-CHOH 

/ 

^CO 



+ C,H„OH. 



This substance is strongly acid, forming salts and 
esters, in which the hydroxyl hydrogen is replaced by 
metals and by organic radicles respectively. The 
reaction led to the discovery of many other hydroxy- 
luethylene bodies possessing similar properties. 

Claiseu also obtained uitroso-ketones by the use 
of amyl nitiite in the presence of sodium ethylate : 
C5H5.CO.CH3 + CoII„.O.NO = CcH5.CO.CH : NOH + CjIIiiOH 

An example of this class of condensation with 
elimination of water is the formation of a-phenyl- 
cinnamic nitrile, from benzaldehyde and benzyl 
nitrile : 

CA C0H5.cn ! C.CcHc 

C,Hs.CHO +1 = I + H.O. 

Cir.j.CN CN 



SoDAMIDB AS A SYNTHETIC AgENT. 

This substance was utilised by Claisen in 1905, for 
alkylating ketones and for proparing 1 : 3-diketones. 
Its action seems to bo quieter and more regular than 
that of sodium or sodium ethylate.®® 

One or two ethyl groups may be introduced into 
acetophenone by using ethyl iodide with sodamide : 
CcH5.CO.CH3 + CjHjI = C0H5.CO.CH2.C3II5 + HI 
CcH5.CO.CHj + 2CCH5I = CcH5.CO.CH(C2H5)2 + 2HI. 

By using benzyl chloride tie benzyl group can be 
introduced ; ^ 

C5H5.CO.CH3 + C6H5.CHJCI = CeH5.CO.CH3.(CH,CoH5) + HCL 
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1 ; 3-Diketones are prepared by condensing ketones 
with esters. 

Acetyl acetone from acetic ester and acetone : 
CH3.COOC2H5 + CHa.CO.CH;, = CH,.CO.CHa.CO.CH3 + CjHsOH. 

Benzoyl acetone from acetic ester and aceto- 
phenone : 

CH3.COOC.JEI5 + CH3.CO.C5H5 = CH3.CO.CHj.CO.C5H5 + CjHsOH. 

The powdered sodamide is added gradually to the 
mixed substances, cooled in ice, and after standing 
for some time, the mixture is treated with ice-cold 
water and the product precipitated by acidifying 
with acetic acid. 

Hydroxym ethylene ketones are formed by using 
formic ester ; 

CH3.CO.CH3 + HCOOR = CH3.CO.CH : CHOH + ROH. 

Sodamide has been technically applied in at least 
two instances, namely, the production of cyanide by 
Castner’s process and also the production of indigo. 

In the preparation of cyanide, the sodamide is 
mixed with carbon and the mixture subjected to a dull 
red heat, when the following reaction takes place : 
NaNHj + C = NaCN + Hj 

Indigo can be synthesised according to the 
German Patent 158,089, by heating sodamide with 
the diethyl ester, or the diamido-derivative, of 
phenyl-glycocoll-carbonic acid, in benzene solution : 

/NH.CHj.COOH .NHv 

CeHZ -> CjHZ >CHj + H -0 + CO.,. 

\C 00 H \C 0 / 

Indoxyl 

The indoxyl formed is converted into indigo by 
exposure to air. 
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Metallic sodium has recently received important 
application as a polymerising agent in the transfor- 
mation of isoprene into artificial rubber.®'* 

The steps in this important synthesis, starting 
fi'om stai’ch, are as follows : 

The starch is fermented to fusel oil and acetone, 
and fi’om the former liquid, isoamyl alcohol is 
separa.ted, 

By treatment with hydrogen chloride, isoaniyl 
alcohol is converted to the monochloride, and the 
vapour of this when acted upon by chlorine ga.s 
leads to the foimatioii of three isoamyl dichloridos : 
(CB,)2CH.CHj.Cn.,OH + HCl = (CEr2)X!H.CH..CH-Cl + H.,0 

(CHaljCH.CHCl.CHaCl + HCl 

(CH3)5CH.CHo.CH2a + C1.,^->(CH3)2CC1.CH„.CH2C1 + nci 

CH,v ■ 

>CH.CH..CH2C1 + HCl 
CHsCK 

These isoamyl dichlorides, when heated with lime, 
lose hydrogen chloride and pass to isoprene (niothyl 
divinyl) : 

CHjv 

bC.CH : CH 2 

ch/^ 

Isoprene on standing for some time with metallic 
sodium becomes converted into synthetic ruhher. 



Sodium Hydeoxtde. 

This sodium derivative is generally utilised in 
aqueous solution for condensation work, the concen- 
tration often being 10 per cent. 

Schmidt*® was the first to use the reagent, in 10 
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per cent, aqueous solution, for condensing together 
furfurol and acetaldehyde : 



CH : c. 

Ih: C 




+ 



CHj.CHO 




■CH : oH.cno 

.0 



+ II5O 



Furfurol acrolein. 



Claiseii, in the following year, u.sed 10 per cent, 
aqueous sodium hydroxide to condense furfurol 
ivith acetone and thus obtained mono-fnrfurylidene 
acetone 

CJIaO.CHO + CH2.CO.CH3 = C2H3O.CH : CH.OO.CHj + HjO. 



Using benzaldehyde and acetone, ho obtained 
mono- and di-benzylidene acetone. 

Further examples of condensation of this class are 
the formation of indigo from o-uitrobenzaldehyde 
and acetone, and the formation of quinoline from 
o-aniiiiobenzaldohyde and acetaldehyde : 

.CHO /CHOH.CH».CO.CH„ 

C^hZ + CH3.CO.CH3 = c„hZ 

\no- \no2 

o-nitrophenyl-lactio acid Icetone. 



This product is then decomposed by the excess of 
sodiiun hydroxide ; 

.CHOH.CH~.CO.CH3 

2 C„H.,< 

\no, 

.CO V .CO V 

C„H4< > C : C < > C„H4 + 2 H ~0 + 2CH3COOH : 



Baryta or ammonium hydroxide may also be used 
for this reaction.”^ 

Quinoline and quinoline derivatives are obtained 
by using o-amino-benzaldehyde 
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CH 

HC^'c.COH 

I 11 

HC C.NH» 

CH 

o-amino-benzaldeliyde. 



CH2.H 
^ ilHO 



CH CH 

HC C CH 
I 11 1 

HC C CH 



+ 2 HoO 



CH N 
quinoline. 



By substituting aceto-acetic ester for acetalde- 
hyde, a quinoline derivative is obtained : 

CH CH CH 

HC C.COH CHj.COOCJIi HC C C.COOC,H5 

1 11 +1 ~ I ® i 

HC C.NH. CO.CII, HC C C.CH3 

\/ ■ ■ ' \.>'- 

CH CH N 

rt.metliyl-quiuoliae-/3-cftrboxylic oster. 



Fischer made use of 1 per cent, sodium hydroxide 
solution to polymerise a mixture of glyceric aldehyde 
and hydroxy-acetone, in the formation of a-acrose. 
After allowing the mixture to stand for four or five 
days the transformation was complete 

CHjOH CHjOH CHpri CHjOH 

CHOH + CO =. inOH CO 

CHO CHjOH CHOH — AhOH 

(Q-lycerose). a-acrose (inactive fructose). 



By the same method, glycollic aldehyde has been 
polymerised to erythrose ; 



CHjOH 

ino ^ 



CHO 

(IhjOH 



CHjOH CHO 
CHOH - inoH 



Cinnamic aldehyde can be formed from benzal- 
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dehyde *'*'*'* acetaldehyde, and the product can be 
again with acetaldehyde or acetone ; 

OHTs.CHO = CcHj.CH; CH.CHO + HjO 

.p«'Hs.CH:CH.CHO + CH 3 .CHO = 
'-(iIl5-CH:CH.CH:CH.CHO + HoO 
Cinnamyl acrolein. 



V<ilI,-.-CH:iCH.CHO + CH3.CO.CH., = 
^ (iMn.CU.. CH.CH:CH.CO.CH, + H^O 
Oinuamyl- vinyl-methyl ketone. 



If t\V‘* ocular quantities of cinnamic aldehyde 
beuse<lj iit the last case di-ciiinamyl-vinyl ketone 

results. 

Anotl*^^'' Cfise of quinoline formation is the con- 
densati<^''^ loenzoyl acetone and aniline, resulting in 
y-phetiy ^“‘('"t^Etldine : 



HC 



Cil 



till 



lie <tNII., 



ViV 



CO.CcH, 
+ CHj 
CO.CH, 



HC 



CH C.CjHr, 

CH 
1 

C.CHa 

CH N 



+ 2^2^ 



It -wfitM shown by V. Meyer, that solid sodium 
hydroxi<lo is hotter than sodium ethylate for con- 
densing’ IsniKyl nitrile with methyl iodide 



CjH 3.(!I laCN -4- CH3I + NaOH = C0H5.CHCN + Nal + H., 0 . 

(in. 



Quinotio.s can be prepared by condensing 1 ; 2- 
diketouoH by aqueous sodium hydroxide.^® 

In th<» fir.yfc place an unsaturated 1:2: 5-triketone 
is fornuMl which hy further condensation passes to a 
quinom^. IDiacetyl gives first dimethyl-quinogen and 
then ^'-^tyluSLuinone : 
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CHs.CO.CO.CH;, 

, cn 3 .co.co.CH 3 



CH.,.C.CO.CH., 

II 

CH.co.co.cn, 



CO 

CH-I.C^H 

II II 

HC C.CH., 

V 



Acetyl-propioiiyl condenses in tlii.s way, forming 
duvoqninone : 

CO 

CH.|.CO.CO.CH,.CH., CHj.C^'^.CU., 

II II ' + 2II.0. 

CH, .CHS.CO.CO.CH., CH3.C C.CH., 

The reaction may be expressed in a g(.'iiernl way 
thus : 



X. CH,.CO.CO.T 

Y. CO.CO.CH,.X 



X.C.CO.CO.T 

T.C.CO.CHs.X 



CO 

/\ 

XC CY 
II II 
YC CX 

V 



A further example of condensation by sodium 
hydroxide is afforded by ionone, used as a substitute 
for essence of violets, which is formed from citral 
and acetone.®'^ 

Pseudo-ionone is the first product, and this is then 
converted to a mixture of o- and j3-ionone. by boiling 
with dilute sulphuric acid : 

(CHs)2C;CH.CH2.CH2.C(CH3):CH.CHO + CH3.CO.CH3 = 

(CHjIjC ; CH.CH2.CHj.C(CH3) : CH.GH : CH.CO.CH3 + H^O. 

The next stage is explained by the following 
scheme : 
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CHj CHa 
C 

HC CH.CH : CH.CO.CH3 
Hoi C.CH3 

X 



CH, CH, 

XlH 

/ 



HjC CHj.CH ; CH.CO.CH3 



I I /CH3 

HjC C< 




HoC^ CH.CHiCH.CO.CH3 

Hj'c i.CH3 
CH 

a-ionone 



HjdX.CH I CH.CO.CH3 

I II 

HjC C.CH3 

X 

iS-ionone. 



Potassium Compounds. 

Potussiimi itself is rai'ely used in synthetic work, 
but the cyanide, acid sulphate, and hydroxide are 
often inado use of. 

A commercial process in which potassium may be 
regarded as a synthetic agent is Beilby^s process for 
preparing cyanide, by heating a mixtui'e of potas- 
sium cai-bonate and carbon in ammonia. 

Potassaniide is probably an intermediate compound, 
and tlio method corresponds to Castner's cyanide 
process : 

KjCOa + 2NH3 + 20 = 2KNH2 + SC O+.H a... 

2 KNHj + 20 = 2 KCN 
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While the action of carbon monoxide upon heated 
potassium results in the formation of the carbonyl, 
moist carbon dioxide reacts with the metal to form 
carbonate and formate : 

6 K + 6 CO = K6(C0)„ 

2K + HjO + 2CO, = KHCOj + H.COOK 
4K + HjO + 3CO, = KjCOj + 2H.COOK 

Potassium Cyanide is especially useful for con- 
densing aromatic aldehydes (benzoin condensation) 

Benzoin is formed from benzaldehyde ; 

2C0H5.CHO = CsH5.CHOH.CO.C|iHj 

Acetophenone condenses with benzoin in the 
presence of alcoholic cyanide, giving desylaceto- 
phenone : 

CeHs.CHOH CcH 5 .CH.CH 2 .CO.CeH 5 

+ CH 3 .CO.C 0 H 5 = . I + HjO. 



CO.C0H5 



CO.CcHs 



C6Hs.CH-CH.C5H5 

I I + H„0 
CN CN 



Mandelo-nitrile and benzyl cyanide condense in 
the presence of aqueous potassium cyanide, giving 
di-pheiiyl-succinic nitrile : 

CoHe.CHOH CHj.CoHs 

I + I 

CN CN 

It has been suggested that cyanhydrin foimation 
is an intermediate stage in this class of condensation, 
and benzoin formation is represented by the following 
scheme 

C 5 H 5 .CHO + KCN -> C 6 H 5 .CHOK 
<[|N 

C0H5.CHOK 4 C6H5.CHO -> C6H5.COK— CHOH.CcHe 
CN CN 

KCN is then eliminated — 

C 5 H 5 .CO.CHOH.CjH 6 + KCN. 
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Acid Potassium Sulphate may be used foi- the 
following condensations. 

The leuco-base of malachite green from benzal- 
dehyde and dimethyl-aniline : 

+ HjO 



CeH5.N(CH3), /CcH4.N(CH3)3 

CeHs-CHO + = CBH5.CH:f 

C„H6.N(CH3), \C,H4.N(CH3)3 



The resultant tetra-methyl-diamino-triphenyl meth- 
ane is then oxidised to the carbinol, which is converted 
to malachite green by hydrogen chloride : 



CeHj.CCOH) 



/CjH 4.N(CH3 )j 

\CeH4.N(CH3)3 



^/C3H4.N(CH3)3 

VCtHirNCCHjljCl 



+ H.0 



Aromatic aldehydes condense with phenols, e. g. 
benzaldehyde and naphthol give hydroxy-dinaphthyl- 
phenyl methane : 

C0H5.CHO + 2C,„Hj.OH = CjH5.CH(CjoHeOH)3 + HjO. 

Pyruvic acid is formed by the removal of the 
elements of water from either tartaric or glyceric 
acids : 

CHOH.COOH 

I = CH3.CO.COOH + CO3 + H3O 

CHOH.COOH 

CHjOH 

CHOH = CH3.CO.COOH + HjO. 

COOH 



By a similar elimination of water, glycerin yields 
acrolein and terpineol passes to dipentene : 

OHjOH.CHOH.CHjOH = CHj ; CH.CHO + 2HjO 

OH 

^CH-CHj\ 1 /CH3 

cH3.cr ^CH.C; 

\CHj— CH,/ \CHa 






CH— CH 



•a \ /OHb 

r\' 



\CH,~ CH^ SCHj 
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Potassium Hydroxide can often be used for the 
same syntheses as sodium hydroxide, as for example, 
in condensing diketones with mono-ketones : Phen- 
anthraquinoue condenses with either acetoacetic ester 
or acetone 

C 8 H 4 .CO CO.CHj CoH^.CO 

1 I + I =11 /COCH 3 + HjO 

CeEi.OO CH,.COOCiH5 CsHj.CY 

\COOC2H5 

Phenanthroxylene acetoacetic ester. 
CsH^.CO CH3.CO.CH3 C„H4.C(OH).CHi.CO.CH3 

11 + =11 
CjHi.CO CH3.CO.CH3 CoH4.C(OH).CH,.CO.CH3 

Hiacetone-phenanthraquinone. 

Potassium hydroxide, when heated in aqueous 
solution with aromatic aldehydes, converts these in 
part to acids and in part to alcohols ; 

2C5HJ.CHO + KOH = CoHj.COOK + C5H5.CH3OH 

Certain aliphatic aldehydes undergo a similar 
change. Isobutyric aldehyde, for example, is con- 
verted to isobntyric acid and di-isopropyl glycol : 
3(CH3)jCH.CHO + KOH = (CH 3 ) 2 CH.COOK + (CH 3 )jCH.CHOH 

CCH3)jCH.CHOH 

This is a method for obtaining di-secondary glycols 
from certain aldehydes by means of alcoholic potas- 
sium hydroxide solution.** 

Potassium nitrate may be used for the preparation 
of acid anhydrides from acid chlorides, by distilling 
the latter after mixing with the alkaline nitrate.*® 

Potassium and sodium disulphate bring about con- 
densation with elimination of water. The following 
examples illustrate the use of this method ; 

Triphenyl benzene from acetophenone, bonzal 




SODIUM AND POTASSIUM 



33 



aniline from benzaldehyde and aniline, benzal inalonic 
acid from benzaldehyde and malonic acid, benzal 
acetophenone from benzaldehyde and acetophenone. 
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CHAPTER II 



COPPER AISTD SILVER 

Both these metals bring about condensation by 
the removal of halogens, for which they have con- 
siderable affinity, and so function in this respect as 
sodium, but the reactions are not so vigorous. 

The formation of butane from ethyl bromide and 
of ethylene from methylene iodide are examples of 
this condensation : 

2 C 3 HiBr + Cu = CuBrj + CjHs.CjHs 
2CHjl2 + 4Cu = 2CujIj + CjH., 

Copper or silver can be used to condense /3-iodo- 
propionic acid to adipic acid, and also for condensing 
a-brom-propionio ester to dimethyl succinic ester 

CH,.CH 2 .C 00 H 

2CH0I.CH3.COOH + 2 Ag = I ' + 2 AgI 

CH3.CH3.COOH 

CH 3 .CH.COOK 

2CH3.CHBr.COOR + 2 Ag = I + 2 AgBr. 

CH3.CH.COOR 

Other examples in which finely divided silver is 
used, are, the preparation of suberic ester from 
-y-brom-butyric ester, and di-isopropyl succinic ester 
from a-brom-isovaleric ester :* 
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CHj.CHj.CH2,COOK 

2CHjBr.CH2.CH,.COOR + 2 Ag = | + 2AgBr. 

CHj.CH2.CHj.COOR 

(CH3)jCH.CH.COOR 

2(CH3)jCH.CHBr.COOR + 2 Ag = | + 2 AgBr. 

(CH3)3CH.CH.C00R 

Copper has been used to facilitate the removal of 
hydrogen chloride and potassium chloride in the 
following condensations.^ 

Anthranilic acid from o-chlorbenzoic acid and 
ammonia ; 

yCl .NHj 

C,H4< + NHj = CjH,< + HCl, 

\COOH \COOH 



phenyl anthranilic acid is obtained if aniline be used 
in place of ammonia ; 




Cl 

+ 

COOH 



/NH.CoHs 

C0H5.NH, = CeH,< + HCl. 

\COOH 



Further examples of the same class are : 

yCl /OCjHs 

CoHi< + CjHsOH = CsH,< + HCl 

\COOH \COOH 

o-ohlor-benzoio acid phenol phenyl-salicylic acid. 



/Cl /SOj-CoHj 

CjHZ + CjHj.SOjK = CoHZ + KCl 

\COOK XJOOK 

o-chlor-benzoic potassium phenyl-sulphi-benzoic 
acid phenyl sulphinate acid. 



CH 



HC C.C 1 

I II + 

CH3O.C C.COOH 





l-chlor- 4 .methoxy • 
benzoic acid 






% 



COOH 






methoxy -phenyl- 
salicylic acid- 



CjHjOK -f CjHjBr = C5H5.0.C6H3 -h KBr 
Diphenyl ether. 
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Copper is sometimes used to effect condensation by 
combining with sulphur. The two following syn- 
theses of methane illustrate this reaction : 

CS 2 + 2HaS + 8Cu = CH., + 4CujS 
CSi + 2HsO + 6Cu = CH., + 2Cu2.'? + 2CuO. 

Carbazole is formed when thio-diphonylamiuo is 
mixed with copper powder and tlio mixture distilled 
in carbon dioxide : 

/CoH^v CjH.iv 

S< >NH + Cu = I >NH + CnS. 

\CjH.,/ CcH,/ 

In a similar way /3-dinaphthyl carbazolo is formed 
from thio-/3-dinaphthylamine 

/ S \ C||,H,; — C|||Hr, 

C,„H„< >C,„Hj + Cu = \ / + CuS. 

\nh/ NH 

The action of potassium ferricyanidc upon copper 
acetylene derivatives is interesting. Diacotyloiio- 
dicarboxylic acid is obtained from tho copper deriva- 
tive of propiolic acid by treatment with forriej'anido 

.C : C.COOH C : C.COOII 

Cu<^ I 

\C : C.COOH C ; C.COOII 

If tho acid sodium salt of this bo digested with 
water, carbon dioxide is liberated and the .sodium 
salt of diacetylene-monocarboxylic acid is formed : 
c; C.COOH C:CH 

I =1 + COj. 

C ; C.COONa C : C.COONa 

The copper derivative of this compound cum also 
be condensed in the presence of forricyanido, mid 
tetr-acetylene-dicarboxylic acid results : 

yC : C.G i C.COOH C : C.C : C.C:001I 

Cii\ -> I 

\c : oc : C.COOH 0 : < ;.c ; c'.coc 1 1 1 
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lu using tliis mctliod, tlie coppev derivative ( I mol.) 
is added to a solution of potassium ferri cyanide (1 mol.) 
containing potassium hydroxide (1 mol.), and the 
mixture is allowed to stand some hours.''' 

By the same process it is possible to prepare 
dipheuyl-diacetylene from the coppei' derivative of 
phenyl-acetylene : 

C0H5.C : C.CU.C i C.Cd'Is C,iHr..C C.C • C.C„Hi. 



Diphenyl-diacetylene is the parent hydrocarbon 
of indigo blue, and the dye itself can be prepared by 
means of this reaction, starting with o-uitro-phenyl- 
propiolic acid. By loss of carbon dioxide the acid 
becomes o-nitro-phenyl-acetylene, the copper deriva- 
tive of which passes to di-ortho-iiitrophenyl-dia.cety- 
lene : 



yC ; CH 



< v : v.vwn /v : 

-> CcH ,< 

NO.J \N0.j 

yC ; C.Cu.C : Ck /C : C.C : Cv 

IcH/ C,Tl/ VjT,. 

\NO- NOX NOX 



The last substance is changed to the isomei'ic 
di-isatogen by altalis and this becomes indigo when 
reduced : 




The use of copper salts and of copper itself for 
the replacement of the diazo-group of aromatic 
compounds, by chlorine, bromine, cyanogen, otc., i.s 
important. 

Halogen substitution products of benzene were 
first prepared by the aid of copper .salts in 1884, 
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when Sandineyer discovered the reaction which is 
still named after him 

CcH 5.N:N.C1 CeH^Cl + 

G-attermanii/ in 1890, showed that the same reac- 
tion could be carried out, using copper powder 
instead of the salts of that metal, and the method 
was apphed in substituting by, -Cl, -Br, -ON, -NOj 
and -CNS groups. 

The yields by this method were superior to those 
obtained by the Sandmeyer method, probably because 
the copper powder was added to the diazonium 
solution ill the cold, whereas Sandmeyer recom- 
mended adding the diazonium solution to a hot 
solution of the copper salt. 

Later, Erdmaii, also Armstrong and Wynne (1892— 
93) used cold solutions of the copper salts and found 
the yields by Sandmeyer’s method very much 
improved.® 

Brdmaii also showed that there was a definite 
optimum temperature at which, by Sandmeyer's 
method, the maximum yield of halogen compound 
was formed, the optimum temperature referring to 
the temperature of the copper salt solution when 
the diazonium salt was added. 

Heller (1910) states that by increasing sufficiently 
the amount of hydrochloric acid used, quantitative 
yields of chlor-conipounds are possible by Sand- 
meyer^s method.^ 

Sometimes condensation takes place in the presence 
of cuprous chloride, simultaneously with halogenation 
by Sandmoyer’s method. When, for example, o- 
nitraniliiie is diazotised and treated with cnprous 
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chloride a considerable quantity of Dinitro- diphenyl 
results as well as o-chloi’-uitro-bciizeno.^^ 

Heated metallic copper acts as a catalyst in the 
oxidation of primary alcohols to aldehydes by air oi‘ 
oxygen, but it has also been shown by Sabatier, that 
moderately heated copper in a finely divided state 
effects the dehydrogenation of primary and secondary 
alcohols, yielding aldehydes and ketones respectively, 
Powdered silver was found by Gomberg to yield 
results when sodium failed, in preparing the peculiar 
and interesting substance called by him tri phenyl- 
methyl. Both triphenyl brom-methaue and triphenyl 
chlor-methane were used to effect the following 
change ; 

2(C,H5)3C.Br + 2Ag = (C«H 5 ) 3 C.C(C,He), + 2AgBr. 

The hexaphenyl etliane obtained was far more re- 
active than was to be expected, and on account of 
its properties Gomberg named it tviphenyl methyl. 
Since then much work and discussion have centred 
around this substance, which is now generally i-o- 
garded as being hexaphenyl-ethaue. 

Various constitutional formulae have been sug- 
gested and the molecular structure of the hydro- 
carbon is still in dispute, but opinion appoars to give 
preference to a formula which ascribes a quinonoid 
structure to one or two of the phenyl rings,^^ 

Silver cyanide seems capable of acting in the 
same way as molecular silver. For example, it 
brings about the condensation of iodo-acetoacetic 
ester forming diaceto-succinic ester d® 

CH3.OO.CHI.COOCJH5 CH,.C0.CH.C00C2H5 

I 

CH3.CO.CHI.COOC5HJ CH5.CO.CH.COOC2II5 
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Silver hydroxide is used in exhaustive methylation, 
a process often utilised in order to obtain an un- 
saturated cyclic hydrocarbon from an amine by 
treating it with methyl iodide and silver hydroxide ; 
the triniethyl-ammonium hydroxide obtained is then 
decomposed by distillation. 

Cyclo-butylamine, for example, is converted to 
cyclo-butyl-ammonium hydroxide, and this on distill- 
ing is decomposed into cyclo-butylene, tiimethylamine 
and water 

Ch/ Ch/ /CH.N(CH3)jOH 

/CH 

ch/ ch + N(CH3)s + H.,0. 

\CH/ 

Silver oxide suspended in water receives limited 
application as a hydrolysing agent, and in alkaline 
solution it is used as an oxidising agent, especially 
for converting aldehydes into acids.^’^' 
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MAaNESIUM. CALCItlM. BAEITJM 

The great value of magnesium as a syutlietic re- 
agent was ’indicated in 1900, when G-rigiiard showed 
how various hydrocarbons and alcohols could be 
prepared from the compounds obtained by allowing 
the metal to react with alkyl halides in the presence 
of dry e'ther.^ In the previous year Barbior had 
shown that by the interaction of methyl heptenone, 
magnesium, and methyl iodide in ether, and subse- 
quent decomposition of the resulting product by 
dilute acid, a tertiary alcohol was obtained, dimethyl 
heptenol 

(CH;,)5C.- CH.CH.j.CH3.CO.CHj-> (CH:,)jC .• CH.CH„CH2,C(OII)(C1Tj)4 

The metal has to a great extent replaced zinc, 
which was used in 1849 by Prankland in the prepara- 
tion of paraffin hydrocarbons and the zinc alkyls, 
and subsequently by Wagner for preparing secondary 
alcohol from aldehydes, by Saytzeff in preparing 
tertiary alcohols from ketones, and by Butlerow in 
the preparation of both ketones and tertiary alcohols 
from acid chlorides. 

The advantage of magnesium over zinc depends 
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upon the fact that the organo-magiiesium compoinids 
are not spontaneously inflammable,- it is not essential 
that they should be isolated during syntheses, while 
they are more readily prepared than the corresponding 
zinc compounds, and they are more reactive, and 
therefore capable of much wider application. 

In practice, the metal in the form of ribbon or 
borings is added gradually to a solution of well dried 
alkyl or aryl halide in dry ether ; a brisk reaction 
usually takes place, owing to the formation of the 
magnesium compound of type R.Mg.X (X=Cl,Br,I). 

When all the magnesium has been added and a 
clear solution obtained, the organic compound to be 
used in the synthesis (ketone, ester, etc.) is added 
gradually, and the mixture cooled in ice to modify 
the reaction if necessary. 

When the vigorous reaction has subsided, it may 
be completed by heating on the water-bath for half 
an hour, or it may bo allowed to stand over-night. 
The next stage is to add ice-cold dilute acid to tho 
i-eaction mixture gradually, to decompose the complex 
intermediate compound formed, and tho end-product 
is then isolated by suitable means. If magiiesimu 
ribbon is used, it must bo first well cleaned with 
emery-paper, while borings must be washed fir.st 
with alcohol and then ivith ether to remove all oil, 
and then thoroughly dried. 

All the i-eageuts used niust bo well dried, and the 
reaction should be conducted under a reflux condenser 
fitted with a top tube containing calcium chloride to 
prevent access of moistm-e, and some soda-lime to 
keep out carbon dioxide. The ether used .should be 
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pul'ilied by treatniciit with powdered potassium pei‘- 
luaug'auatej followed by treatment with solid potash 
to remove aldehyde, alcohol, and most of the 
water. The ether is then allowed to stand over 
calcium chloride for two days, and finally over sodium 
wire for about a week. Traces of moi.sture arc very 
harmful, and the presence of inoi.s-tnre is indicated by 
a turbidity which appears when the magnesimu is 
finst added. 

When the magnesium alkyl compound does not 
form readily, i. e. in using aryl halides, a cry.stal of 
iodine is often iidded to start the reaction. Other' 
solvents than ether have been used, i. e. auisole, phenyl 
amyl ether, and dimethyl-aniliiio. The solvent appa- 
rently combines with the conipoimd MgKX forming 
intei'inediate products R^O.MgRX and RjN.MgliX, 
and act.s as a catalyst, .siuce it has been found that tlio 
reactions proceed hr benzene or xylene provided a 
small amonnt of ether or dimethyl-aniline be added. 

The constitrrtion of those compounds is reprc.sentcd, 
aecoi'ding to the snggc.stion of Bacyer and Villigcr,’’ 
by an oxonium fornurla vn’th the halogen directly 
attached to quadrivalent o.xj-geu, a suggestion sup- 
poi'tcd Blaise. The dimethyl-auilino compound is 
.similarly represented ; 

CH:,^ 

CH,-N 
CJl/ 

Although the formation of the compound MgRX 
i.s the noi'iual course, there is a tendency for the 
niague.siuin to form a hydrocarbon by the removal of 




>0< 

CJI/ 
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lialogcn from two molecules of EX, which is more 
marked as the molecular magnitude of E increases. 
When working mth bi'om-beuzene and benzyl chloride 
a considerable quantity of diphenyl and dibenzyl 
result, but this may be ayoided by adopting Barbier^s 
original method of onuttiug the first stage (prepara- 
tion of MgEX) and mixing all the reagents at once. 
This fact was emphasized by Kipping recently, and tho 
method has ahso beeu used with allyl bromide and 
iodide syntheses mth success, although tho allyl 
halides do not foim a compound of the type MgEX 
in the presence of ether.* 

The following syntheses were carried out by means 
of zinc, prior to 1900, and are now more conveniently 
accomplished by the aid of magnesium ; 

Pakakfin Hydrocakbons. 

+ 2HjO = bEH + Mg(On)j 
RMgX + HjO = RH + MgX(OH) 

RMgX + ENH- = E.E + MgXNIL 
KTgEi + 2EjCX = 2E.|C + MgXj 



Secondaiiy Alcohols from Aldehydes. 



E.CnO + E'.BIg.X 



E.C— E' 

\h 



O.Mg.X 



+ IICl E V 

> Xenon +Mgxci. 



If formaldehyde be used, a primary alcohol results 
/O.Mg.X 

ILCnO + E.Mg.X -> n.C— E > E.CIEOH + MgXCl. 

\ll - ■ 
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I’fiKTlAKY AlX’OnOLS PltOM KeTOKES. 



^OMgX 

E.CO.R + E'.Mg.X -> E.C— R 

\e' 



+ HCl 

> EiE'OOH + Mt'XCl. 



Ketones and Tektiary Alcohols i'kom Acid 
CmoiiiDES. 



^OMgX 

H.COCl + K'.Mg.X K.C— Cl -> E.CO.E' + M^-XCl. 

\r' 



With a socoiid molecule of Mgli'X the following- 
change takes place : 



/O^^S^+MgE'X +HC1 

K.C— Cl >■ E.C.— E' > E'.jECOII + MgXCl. 

\e' \r' 



'Tertiaky Alcohols prom Esters. 

E.COOE' + E".Mg.X 



/^^^^'^+MgR"X /OMffX 



R.Cr— -O r* 

\r" 



E.C— E" 
\r" 



/OMc 
E.C— E" 
\e" 



:X 



+ i-rci 

> EE"jCOII + MjjXCl. 



With foimic estei’ a secoudaiy alcohol is obtained ; 

^OMgX ^OMgX 

H.COOE + E'.Mg.X -> H.C— OR -> H.C— R' -> R'^CHOII. 

\r' \r' 

A dicarboxylic ester like oxalic ester may have only- 
one carboxyl group acted upon at a time : 
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COOK 

I + E'.Ms-.X . 
COOE 



y3MgX 
G— OR 



I 

COOE 



/OMgX 

/ E'..o.on 

K -> ' I 

j '•E' COOE 

COOK 



Dialkyl glyooUio 
ostor. 

SiliGo 1000 vai-ious syntheses luive been added, of 
which the following arc typical examples : 

H’lciiTiARY Alcohols rbom Caebonyl Ciir.oEinji. 

COCK + SE.Mg.X = RjCOMg.X + 2MgXCl 
RjCOMgX + IICl = EjC.OH + MgXCl. 

Aldishydes from Foemic and Oktho-foemic Es-mfs. 

Cl 

» R'ClIO + EOH + MgXCl. 



/OMgX ^ jjci 



II.COOE + E'.Mg.X -> n.C— OE 

\e' 

+E'MgX 

II.C— OE n.C— OE 



+ H„0 



-> E'.CHO + 2EOH. 



\0E \e- 

Ketones feom Cyanogen, Niteiles, and Amides.*'' 

^NMgX + MgRX ^NMgX 

E.Cv 



"\e 



N •; C.C : N + E.Mg.X -> N ; C.C\ 

Cyanogen R 

.NMgX + lEO + nci 

E.CA y E.CO.E + Nil., + MgXCl. 

\r 

^NMgX + rr..O + IICl 

E.CN + E'MgX -> E.Cf > 

Nitrile ^E' 

E.CO.E' + NH;, + MgXCl. 

0 yOMgX 

li.cf + cE'MgX-J- E.C— E 



H- E'll 



^NDMgX 
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OMgX 

E C— K' " K.CO.K' + Nila + 2MgXCl. 

\NnMgX 

Diazo-amino Compounds keom Azoimidks. 
R.N< II + R'MgX -> li.N(MgX)N : N.R' 
R.N(MgX)N;N.R' + H;0 -> R.NH.N:NR' + Mg(OH;X. 
Anilides from Auyl Carbimides. 

^OMgX 
^R 



QH..N:CO -> CoHj 



: C<f 



• CA.NH.COR. 



Hydeosylamine Derivatives krom Amyl Nitrite. 

CjHii.O.NO + 2i\rgRX = RjNOMgX + MgOCsHnX 
RjNOMgX + HCl = R.NOH + MgXCl. 

Esters of the type R.COOR aro obtained by the 
action of MgRX upon esters of meta-carbonic acid : 



CO(OEt)i + RMgX -> (EtO).C<^ 



OMgX 

R 



BtO.C< 

\r 



Triphenyl methyl chloride hi benzene solution re- 
acts with an ether solution of RMgCl thus 
(CoHj) 3C.C1 + RMgCl = (CoH 6)3C.R + MgCL 
Hydrocarbons are formed by tho action of methyl 
sulphate upon RMgX ; 

(CH3)3S0., + RMgX = R.CHj + Cn3(MgX)SO,,. 

TJiisaturated hydrocai-bons may be obtained from 
aromatic aldehydes via the cai-binols, which on distil- 
lation sometimes decompose, as phenyl-benzyl-car- 
binol does, into stilbene and water 
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/OH 

CfiHs.CHO + CaH5.CKj.MgBr-> CJl5.CH< -» 

XIHjCoHj 

CoHjCHiCHCoHi 

Sometimes the unsaturated hydrocarbon is formed 
directly, as with benzyl chloride and anisic aldehyde ; 

/OCH3 

MgC-HjCHoCl + CcH,< -> C5H5CH ; CH.C5Ha.OCHa. 

\CHO 

Benzyl alcohol may be obtained from benzyl 
chloride by the action of oxygen : 

C5H5CH2.MgCl + O ^ CoH5CH..O.MgCl -> CaHjCHjOH + Mg(OH)Cl. 

Tertiary alcohols and ketones result from acid 
anhydrides : 

R.CO R.CO 

>0 -> ^0 -> R.COOH + R.CO.R + Mg(OH)X. 

U.C— OMgX 

From succinic anhydride a ditertiary glycol results : 

CH,.CO CH,.CRjOH 

I > - I ' 

CHj.CO CH.CR 2 OH 

From phthalic anhydride similarly dimethyl-, 
diethyl-, and dipropyl-phthalide are obtained ; 



R.CO 



CoHa \o + 2RMgX ^ C«Ha ^OH -> CjHa \ 

\co \cooH \do 

Camphoric anhydride with benzyl chloride gives 
two isomeric campholides : 

/CO /CfCHjCcHrAj /CO 



CO 






CRj 






CR- 
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a-Diketoiies give diteitiary glycols, as in the case 
of benzil to tetraphenyl glycol ; 

CrA.OO C«HiC(OH)R 

I I 

C6H5.CO Cr.H^C(OH)E 

If only one cai’bonyl gi’oup be attacked, phenyl 
benzoin results : 

q,HsCO.CROn.CoHr, 

Acids are formed by the action of carbon dioxide 
upon E.Mg.X: 

< MgX + Ha 

> E.COOH + Mg-XCl. 

Many organo-metallic compounds can be prepared 
by digesting an ethereal solution of tho magnesium^ 
alkyl or aryl halide with the metallic halogen coin- - 
pound. 

The following compounds have been prepared in this 
way: 

Sn(C2Hd4, Sn(CA)4, Pb(C„H,),. Pb(CHJ,, nf?(C,ft)=. 

and an optically active silicon compound iu which 
four different radicles are present, Si(C3Hj;) (03117) 
(C3H5)(CH,CA).« 

Pivalic (trimethylacetic) acid is formed from tertiary 

butyl chloiide and magnesium (yield, 30 por cent.) : 

+ Mg + COa /OMffCl 

(CH3)3C.a > (CH3)3C,Mg.Cl > (CH3 )^C.c/ -> 

(CH3)^.C 

Tetramethyl-methylene-glycol from succinic estor : 
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CH..COOR 



yOUgX /OMgX 

CHj.C^R + 2MgRX CHj.Cc-R 



+ 2R.Mg.X ■ 



CH,.COOR 



"V 



OR 

OMgX 



\ 

^R 

/OMgX 
CH2.C(-R 

\r 



'OR 

+ 2 HC 1 CHj.CRj.OH 

> I + 2MgXCl 

CHj.CR3.OH 

(A ditertiary glycol is also obtained from oxalic ester.) 



By the same reaction this can be obtained from 
acetonyl acetone : 



CH3.CO.CH3 

CH3.CO.CH3 



/OMgX 

CH2.C^R CH2.C(CH3)R.0H 

I /OMgX ^ 

CH3.C^R CH2.C(CHj)R.OH 

XH3 



The ketouic group of a-ketonic esters is attacked 
in preference to the carboxyl group. From pyruvic 
ester is obtained a-methyl lactic ester : 



CH3.CO.COOR + MeMgX -> CH3. 



.OMgX 

C^COOR 

\Me 



CH 3 .C(Me)(OH).COOR 



•y-Ketonic esters, such as laevulinic ester, behave 
ill the same way ; 



CH3.CO.CH3.CHo.COOR 



/OH 

CH3.C^CHj.CH2.COOR 



j3-Ketonic esters, such as acetoacetic ester, show a 
somewhat different behaviour. The ethyl and menthyl 
esters both react with MgEX as if possessed of an 
enolic structure, and the magnesium compound formed 
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is decomposed by dilute acid, giving the original 
acetoacetic ester 

CH3.C(0H) ;CH.COOR + RTV[gX=Cn3.C(OMgX) : CH.COOR+ RH 
CH3C(OMgX);CH.COOR+HCl = CHj.CO.CHs.COOR + MgXCl 

When, however, enolisation is retarded by an alkyl 
substituent in the methylene group, the reaction fol- 
lows the same course as a- and -y-ketonic esters ; 

CH3.CO.CHR.COOR CH3.CR'(0H).CHR.C00R 

If the carboxyl group be next attacked by MgR'X, 
the following change takes place, resulting in a sub- 
stituted trimethylene glycol ; 

CH3.CR'.CHR.C00R CH3 .CR'.CHR.CR'j 

I ^11 

OH OH OH 

The tendency to form organo-metallic compounds, 
seen in the metals of group 1 (alkali metals) reaches 
a maximum in the metals of group 2 ; it diminishes 
on passing through groups 3, 4 and 5, and none of 
the metals in groups 6 and 7 combine.s with organic 
radicles. The property reappears in group 8, which 
contains the transitional elements. 

Aluminium, thallium, indium and lithium form 
complexes with alkyl or aryl halides, which are de- 
composed by water, with the formation of hydro- 
carbons. 

These compounds are not produced in the presence 
of ether, but by heating the halogen derivatives with 
the metal.^^ 

Two important applications of the Qrignard reagent 
to synthesis in the terpene series may be mentioned. 

The formation of dipentene from S-keto-hexahydro- 
benzoic acid (see p. 14) by Perkin involved the 
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following stivgoa ; 'J'lio c.sfcor was fcroafcod witli mag- 
nosinm methyl bromide, and tlio addition compound 
gave on hydrolysis 8- hydroxy -lioxahydro-p-toluic 
ester : 

.CILj.Clb. ^CHa-CUsv^ ^011 

KOOC.ciH 00 -> KOOC.dlll 

^014011/ \cil,.cir.j/ Villa 

This ostor was then convortod into S-brom-lioxa- 
hydro-p-tohiicostor by tho action of hydrogon bromide, 
ami from this, by romoval of HBr with alkali (W 
pyridino, A’’-tetra-hydro-y)-toluic ostor was obtained : 
^Cllj.CIIas^ Ah .ClIj.CU,, 

EOOC.CH 0"^ 1400C,C*H C-Clla 

\cHj.CIIj/ \ciij \ci,[j.cirj/ 



TroaLmont of this ostor with ‘2MgMoBr gave 
tcrpincol, which wiis convortod into dipontono by 
dehydration wi(,h acid pota.s.simn snljdmto : 






CHa\ 

p0(01I).ClI C.CII 3 

CHj/ \ciJj.ClIj/ 



(Mb'. / 

-> ,0.011 
Ollj/ \., 



CHj.CH.v 



O.OIIj 



cirj.cirj- 






The synthesis of A’’''“^'"-p-movithadiono from othyl- 
A^-totrahydro-p-toluato involved tho following stages: 



C113 


cir, 

I 


CHj, 

I 


1 

cir 

/\ 

1 I.,C CH.. 

I I * 


1 

0.11 
1 t 


Cii 

HjC cir.. 

I 1 


1 1 
IlsO Gil 

\./" 

c 


-> 1 1 -V 

lljC nil ^ 

1 


1 1 

li.j(f nil 

1 


I 

CijOlt 


C! 

/I\ 

<.IU ClbCll;, 


ciij all, 
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Calcium and Baeium. 

These metals, so alike chemically and physically, 
have been closely associated together in the solv- 
ing of the problem of atmosphei-ic nitrogen fixa- 
tion. 

Calcium has received some application in organic 
synthesis similar to that of magnesium ; alkyl and 
aryl compounds, CaR^j have been prepared, and it 
seems likely that many of the magnesium syntheses, 
already mentioned, could be accomplished by the use 
of calcium. 

The compounds of calcium and barium, instru- 
mental in bringing about nitrogen fixation, are the 
carbides, the preparation of which has been rendered 
possible by the advent of the electric furnace. This 
means of attaining very high temperatures came into 
general use during the eighties of last century, and 
rendered possible the preparation, on a largo scale, 
of many new and useful substances. 

In 1895, Frank and Caro found that when barium 
carbide was heated to redness in air the main product 
was barium cyanide, but simultaneously a certain 
amount of barium cyanamide was formed. These 
two reactions, therefore, proceeded side by side : 

BaCj + N., = Ba(CN)3 j BaCo + N, = BaN.CN + C 

These workers subsequently found that when cal- 
cium carbide was used the cyanamide was the main 
product, while the cyanide became the by-product. 

These efforts to prepare a nitrogenous land ferti- 
lizer promised success, since the cyanamide decom- 
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posed easily in the presence of water, yielding am- 
monia and lime : 

CaN.CN + 3 H 2 O = CaCOa + 2NH, 

Later work has shown that cyanamide of lime is 
not only a valuahlo fertilizer product, but that it 
can be used for a variety of purposes and trans- 
formed into various useful products. 

Eleven European factories were making the sub- 
stance in 1909, and their yearly output was estimated 
at 166,000 tons, while in the same year the American 
Cyanamide Company erected at Niagara, plant 
capable of yielding 20,000 tons per annum. The 
substance is sold for agricultural uses under the 
name of nitrogen lime (Geimau, Kalkstickstoff), and 
has been shown to be equal in value to an equivalent 
of calcium nitrate. 

Since 1901 it has been found unnecessary to prepare 
the carbide itself in tho first place, and necessary to 
exclude oxygen, so that now the process iirvolves the 
heating together, in an electric furnace, of linio and 
carbon in atmospheric nitrogen, when the following 
change takes place : 

CaO + 2C +• Nj = C.aN.CN + CO. 

The complete decomposition of the cyanamide into 
calcium carbonate and ammonia may be accomplished 
in stages by suitably arranging the conditions, so that 
the first substance to be formed is cyanamide itself, 
which is then transformed into uroa, and the third 
stage involves the hydrolysis of urea into carbon 
dioxide and aunuouia ; 
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CaN.CN + 2H„0 = Ca(OH), + NK^.CN 
NHj.CN + H^O = C0(NH„>2 
CO(NH,)i + H,0 = CO. + 2 NH 3 

Under ordinary soil conditions all the above stages 
are realised, but by heating with water nndor pres- 
sure, complete decomposition into calcium carbonate 
and ammonia takes place. 

The chief uses of calcium cyanamide are as follows : 

(1) By decomposition with steam it is used for 
preparing ammonia and ammonium salts. 

(2) When fused with sodium carbonate, or chloride, 
and carbon it yields sodium cyanide : 

CaN.CN + Na-jCOj + C = CaCOj + 2NaCN. 

Hundreds of tons of cyaiiido are manufactured 
annually in this way in Europe, and in Mexico it is 
made in the mining districts. 

(3) It receives some application in the caso-harden- 
iiig of steel. 

(4) By the action of dilute acids, dicyaiianiido is 
formed : 

2CaN.CN + 4.HjO = 2Ca(OII). + (CN-NH.,). 

Dicyanamide is used in largo quantities by dyors 
and explosive manufacturers. Its presence in gun- 
powder tends to lower the temperature of the gnn- 
barrel. 

(5) Aitificial urea made from eyaiiamido is used 
in large quantities for certain pharmaceutical pre- 
parations : 

CaN.CN + 3H.0 = CafOn)^ + C 0 (N 1 I .,)2 

(6) Large quantities of guanidine are made from 
cyanamide. 'I’wo methods are available for this 
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preparation ; either the cyanamide may bo treated 
with ammonia, or it may bo reduced with zinc and 
hydrochloric acid. In the lattci' method, methy la- 
mine is produced at the same time by reduction of 
the hydrogen cyanide formed ; 



CN.NH, + NH, = HN 






2CN.N1I, 



< 

+ Hj = HN : + nCN 

\nh. 



'•Nil. 

.NH, 



HCN + 2H. « CH 3 .NH 2 . 



(7) Creatiuo is prepai’ed by combining cyanamide 
with sarcosino (methyl glycine) at 100° C. : 



CN.NHj + CHa.NH.ClIj.COOH 



^*\C.N(CH.,).CH..C00H. 

IIN^' 



(8) Another method for preparing cyanide depends 
upon the heating of dicyanamide with alkaline car- 
bonate and carbon. Ammonia is formed at the samo 
time and is generally absorbed in .sulphnric acid, 

2(CN.NHi)2 -r 2K.,C03 + 4C = 4KCN + 2 NH 3 -r Hj-rGCO -r Nj 

A process patented in 1903 by the Ampere Electro- 
chemical Co. (TJ.S. patent 719228) for the prepara- 
tion of barium cyanide and acetone is as follows ; 

Barium hydroxide and carbonate are heated with 
coke in a revolving electric furnace. Tho baidum 
carbide formed, rolls down into a cooler region and 
there conies into contact with a stream of atmo- 
.sphoric nitrogen, and tho iv.sultiiig cyanide is with- 
drawn ; 



JJaC 2 N. 1 = Ba(CN ). 
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Tho cyanide is next treated Avitli acetic acid to 
liborabo tlie liydi-ogen cyanide, which is then passed 
into alkali : 

Ba(CN)., + 2CII3COOH = (CH3COO)2Ba + 2HCN 

The acetate is then submitted to distillation, wlierc- 
liy acotoiio is fonnod, and the barium carbonate is 
used over again : 

(CHaCOOljHa = CH3.CO.CH3 + BaCOj 

Tho by-product of the fii-st stage, barium cyauanude, 
is separated from the cyanide and converted into 
alkali cyauido by fusion with carbonate ; 

BaN.CN + NaoCOj + C = BaCOj + 2NaCN. 

The preparation of nitrides from atmospheric 
nitrogen making use of calcium or magnesium, has 
boon tho subject of much iuvestigation and of many 
patoiits. 

Tho nitrides are easily decomposed by the weakest 
acids, oven by carbonic acid, liberating ammonia, and 
often they can bo decomposed by water. 

Some pr'ocessGS depend on the fact that the oxide 
of a uitrido-formmg metal is reduced to the metallic 
condition, when heated in the electric furnace with 
carbon in the requisite quantity, and if a stream 
of nitrogen bo then blown through the fused mass, 
nitride is foi-med. 

Magnesium has, for example, been utilised in this 
way : 

2MgO + C = 2M:g + COj; CMg + 3No = 2Mg3Ns 
MgjHj + 6 H 3 O =■ 3Mg(OH)s + 2 NH 3 

'I’he French Patent, 350960, depends upon the 
production of calcium hydride which is formed by 
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heating the metal in hydrogen ; the hydride is next 
converted into the nitride by a stream of nitrogen, 
ammonia being formed at the same time : 

Ca + Hj = CaH, j 3CaI-I. + 2Nj = Ca;,N 2 + 2 NH 3 
CajNi + GHj = SCaH^ + 2NH;, 

The niti-ide is then heated in hydrogen to decoin- 
poso it in the manner indicated above ; the method 
is one, therefore, of continnally fixing atmospheric 
nitrogen and converting it into ammonia. In de- 
veloping this method it has been found that either 
calcium or magnesium may be used, or a mixture 
of the two metals j also that it is immaterial whether 
the hydrogen and nitrogen pass over the metal 
separately or together j and instead of hydrogen it 
is possible to use water-gas. 

The reaction may, therefore, be regarded as a 
synthesis of ammonia from its elements iii the 
presence of magnesium or calcium. 

Another pi-ocess for the fixation of atmospheric 
nitrogen is the subject of an English Patent, 1894, 
13315. 

A heated air-blast is passed into the bottom of a 
vertical furnace containing a mixture of alkaline 
carbonate and coal (the carboTiate may be replaced 
by or mixed with oxide, hydrate or nitrate), whereby 
a cyanide results, which is carried up in the form of a 
fume and at a suitable height is decomposed by a 
jet of steam, into carbonate and ammonia, the latter 
being collected in condensers .- 

IQCO:, + 4C + Na = 2ECN + SCO 
KCN + 2II.0 = HCONU, + KOII 
iicoihij = CO + mia 

CO + O - CO.. ; CO- + 2K01I = IC 3 CO;, + U.O. 
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Tie KgCOg is allowed to fall down to tlio bottom 
of the furnace and the process is repeated. The 
entire reaction may be represented by the following 
equation : 

2KCN + 3H.0 + O 3 =7 KoCOj + 2 NH 3 + COj 

This process may evidently be used to yield 
ammonia and formic acid if the reaction is rogulated 
to bring about the following change 

KCN + 2HiO = HCOOK + NIT, 

Two applications of the calcium and barium salts 
of various organic acids are common and of great 
importance. 

Firstly, the calcium and barium salts of organic 
acid are frequently used in the preparation of the 
acids themselves, by treatment with mineral acids 
such as sulphuric, hydrochloric or phosphoric. This 
method was first utilised by the Swedish chemist, 
Scheele (about 1770), who discovered by this means 
tartaric, citric, mafic and oxalic acids. 

Secondly, by the dry distillation of the calcium and 
barium salts of organic acids, ketones are formed : 
(CHjCOOljCa = CaCO, + CH3.CO.CH;, 

If the salt of formic acid be mixed in molecular 
quantity with the other salt then an aldehyde is 
produced : 

(HCOOljCa + (CH3COO).Ca = 2CH3.CHO + 2 CaCOs 

Certain cyclic ketones have been formed in this 
way, and from them, the cyclic hydrocarbons. 

For example, the calcium salt of adipic acid yields 
on distillation, adipoketone (keto-pentam ethylene). 
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and this by reduction and subsequent use of hydrogen 
iodide gives pentamethylene ; 



CH,.CH„.COO 



cn. 



\ca 

.CH...COO 



CH..CH, 

1 ■ v" 


reduce f^j-CHj 


^1 ) 


iCO )■ \ 


CHj.CHj 


CHj— CHj 


CHo.CHj 
I ^CHI 


reduce 


)• 1 \CHj 


CHj.CHj 


cHj.chT 



+ HI 
■CHOH 



In a similar manner hexamethylene can be pre- 
pared from pimelic acid, and heptamethylene from 
suberic acid : 



^CH2.CH,.C00 .CHi.CHj xCH,.CHj 

Ch{ \ca. -> CH, \cO -> CHs ^CHj 

\cH..CHj.COO \cHj.CIL 



CHj.CHj.CH2 

I ^CO 



CHj.CHj.CHj.COO 

I ^ 

CHo.CHo.CHj.COO CHj.CH,.CHo 

CHj.CHj.CHj 

I VHj 

CHj.CHj.Ca 



By means of this reaction Haller obtained camphor 
from camphoric acid.’® 

The complete process was as follows ; camphoric 
anhydride from camphoric acid was reduced with 
sodium amalgam to campholide, and this combined 
with potassium cyanide gave homocamphoiic nitrile. 
The nitrile was hydrolysed, and the calcium salt of 
the resulting hoinocamphoric acid, on heating, gave 
camphor ; 
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— H ..0 

.coon 



rcrtuecrt 



+ KCN 



/COOH >co. /Cn,v 

—> yO — >• 

\C00H \C0/ \CO/ 



liydrolyse 

.CH..CN 



\000N \ 



•COOK 



CH,..COOH 

COOH 



C,H 






.CH.> 

ho 



Tlie liydroxides of uiagnesinm, calcium and barium, 
liavo plaj'cd an important part in tlie synthesis of 
sugars. 

In 1801, Bntlorow digested an-aqneons .solution of 
calcium hydroxide with trioxymcthylene (a polymer 
of formaldehyde) and obtained a sweet yellowish 
synip.*''' 

Ill 1880, Loow prepared a syrup which he temed 
formoso, by shaking a 4 per cent, solution of formal- 
dehyde with milk of lime and then filtering. 
After standing for five or six days, the solution was 
evaporated and a syrup obtained.'^ 

A few years later (1889) he used magnesium 
hydroxide, and by the same method obtained a sweet 
.syrup which was fermentable and which h© termed 
motho.se.’' 

The above three syrups all appear to have con- 
tained a-acrose, which Emil Fischer isolated in a pure 
.state in 1887, by the action of baiyta water upon 
acrolein bromide, when a mixture of a- and j3-acro.se 
was obtained. 

2C,n.|OBr, + 2Ba(OH)» = CcIIaP,; + 2BaBi'i 

Fischer subsequently obtained a-acrose alone, by 
tho polymerising influence of one per cent, sodium 
hydroxide upon)_ glycerose, an oxidation product of 
glycerol.^® 
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C1L.0H CH-OH CH.OH 

I ■ I ■ I ' 

CHOH + 00 OHOH 

1 I I 

CHO CHjOH CHOH- 
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CHAPTER IV 



ZINC AND MERCURY 

The use of zinc for preparing ketones aucT tertiaiy 
alcohols from acid chlorides, has received wider 
application since Michael showed how it might he 
nsed in a similar manner to magnesium, mthont 
isolating spontaneously inflammable organo-ziuc com- 
pounds. It has been nsed largely by Blaise and his 
co-workers in synthesising ketones and cyclo-acetals ; 
it is less reactive than magnesium, and is, therefore, 
complementary to that motal in synthetic work. 

The zinc orgauo-halide is prepared for nse by 
heating together the zinc-copper conple, the alkyl or 
aiyl halide, ethyl acetate, and toluene foi' about an 
hour, the reaction being started if nece.ssaiy with a 
crystal of iodine. All the roagonts must be well 
dried, and the colourless viscous liquid which i-esnlts 
is utilised by adding to it the acid chloride dissolved 
in toluene, and when the required amount has been 
added the intermediate zinc complex i.s decomposed 
by the addition of dilute sulphuric acid.^ 

Blaise synthesised oj3-uusatnrated ketones, and 
ketone-alcohols as follows ; A j3-hydroxy-aliphatic 
ester is prepared by condensing a ketone with an 
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a-halogen substituted ester by means of zinc (Refoi- 
matsky^s reaction) : 

R,CHBr 

I + (CH.,)iCO (CH.,)«C(OH).CHE.COOR, 
COOR 

The /3-hydroxy-aliphatic acid is then acetylated 
and converted to the ixcid chloride by thionyl chloride, 
aftei’ which the acid chloride reacts with ZiiRX, to 
pi’oduce an acetoxy-ketone which is hydrolysed to an 
o/3-unsatnrated ketone : 

+ ZiiR"X 

BCO.CHR.CHR'.COOH AcO.CHR.CIIR'.COCl > 

-> AcO.CHR.CHR'.COR" RCH : CR'.COR'' 

If however, there is no hydrogen atom in the 
a-position, a saturated keto-alcohol results : 
AcO.CH;.CR;.COR" -> HO.CIL.CRs.COB" 

/3-hydroxy-a«-cliinethyl propioiiyl chloride, for 
example, changes in this manner." 

The semi -acid chlorides of succinic and glntaric 
acids yield keto-acids by treatincut with ZiiRI : 
CH.,.COOE CH,.COOR CIL.COOH 

I ->■ I ->-1 

OH2.COCI OH».COR CIIiCOR 



Diketoiies are obtained from tho acid chlorides of 
adipic acid and higher acids of the series : 




COCl 

COCl 



— > 




COK 

COK. 



This change is not applicable to succinic and 
glntaric acids. 

Compounds of tho type E.CO.O.CHR.COCl give 
cyclo-acetals, probably by the following change ; 

/O-CO. 

ZnI0.CE5.0.CHR.C0Cl K«C<^ ^CIIR 
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These cyclo-acetals may be hydrolysed, fonniug- 
hydroxy-acid and aldehyde 

.CO— Ox 

^HR' + H.0 = KCHO + R'CHOH.COOH. 



The use of zinc in those syntheses which are now 
generally carried out by the aid of inagneshini, has 
already been mentioned, p. 45. 

A further application of zinc is seen in a reaction 
first carried out by Reform atslcy in 1887, in which 
halogen substituted esters are condensed with ketones 
or with ketouic esters. An example is afforded by 
the production of j3-hydroxy-isovaleric ester from 
acetone and iodo-acetic ester; a zinc addition com- 
pound is probably formed, and on the addition of 
dilute acids is decomposed. This reaction is there- 
fore represented in the following maniiei': 



ch/ 



CO + CH-/ 

■\cOOC-H5 



— > 




OZnl 

CH,.COOC-Hj 



CHjv .OZuI CHjx .OH 

>C< + HC'l - >C<; + ZnlCl. 

CHj/ \cH«.COOC-H5 ch/ XiH-COOC-iHs 



Citric ester has been synthesised in this way from 
brom-acetic ester and oxalyl-acetic ester 

CH-Br CO.COOC.Hj CH^ C(OH) CH, 

I +1 — > I I I 

COOCjH, CHj.COOCHj COOC-Hj COOCHj COOOHj 

Another example is cauiphoronic acid (aa|3-tri- 
methyl-tricarballylic acid), an oxidation product of 
camphoric acid, which can be .synthesised from 
a-broni-i.sobutyric ester and acetoacetic ester.® 
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(CH3).>C.Br CO.CHa 

I +1 

cooc’iHs cH;.cooanj 

(CH3).jC C.CHa CH 2 

C'OOaH; OH COOCJI3 

The hydroxyl group of this hydroxy-ti'iuiethyl 
glutaric ester is replaced by chlorine, this again by 
cyanogen, and the nitrile gives the required acid on 
hydrolysis, dl-cainphorouic acid : 

(CH.,PC C.CHa CH. 

'I I I ’ 

COOQHs ON COOCilb 

(Clljl-C C.CHj CH. 

■| I I ' 

COOH coon COOH 

Magnesimu has been used in place of zinc for this 
type of synthesis.*’’ 

Zinc is frequently used for bringing about con- 
densation by the elimination of halogen or of 
hydrogen halide. 

For tlie preparation of hydrocarbons it may re- 
place sodium in the Wnrtz-Fittig reaction : 

2CjHjI + Zii = Zul.j + C.,H,„. 

Ill reactions where hydrogen halide is olimiiiatcd, 
zinc plays a somewhat similar rulo to that of alu- 
minium or ahiniinium chloride in the Friedel-Crafts 
reaction (Chaptei’ V). 

Naphthyl-phenyl- ketone is obtained from naphtha- 
lene and benzoyl chloride, in the presence of zinc 
Ci„Hg H. CiUgCOa = C„.li:;.CO.C„ll;, + IICL 

Fhciiyl-tolyl-uiethane from bunzyl chloride and 
toluene is another exaiiiple : 

C6H5.CH.,C1 + CgUi-CHa — CclJi.CH;.C,;lI|.Cil;, 1 IK’I. 
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A recent and interesting use of zinc is found in 
the preparation of keten, the simplest of the ketides, 
from brom-acetyl bromide.® 

After an unsuccessful attempt to remove the 
chlorine from chlor-acetyl chloride, it was found 
possible to remove the bromine from brom-acetyl 
bromide by treatment with zinc turnings, in ethereal 
solution. For this purpose the brom-acetyl bromide 
(50 gms.) was dissolved in ether (250 gms.) or in acetic 
ester (200 c.cm.), and the mixture was then dropped 
on to zinc turnings, in a distillation flask. A vigorous 
reaction took place and the product was allowed to 
distil over, in a current of hydrogen gas. 

The keten was isolated by passing the mixed 
vapours through a vessel immersed in liquid air and 
was found to be a gas at ordinary temperatures, 
which liquefied when cooled to — 56° and solidified 
at — 151° : 

Cn-Br.COBr + Zu = CH,:CO + ZnBi-j. 

Methyl and ethyl keten can be prepared by the 
same method using a-brom-propionyl bromide and 
a-brom-butyryl bromide respectively, but the yields 
are smaller than with keten itself : 

CH:,.CHBr.COBr + Zn = ai,.OH : CO + ZnUr™ 
C2H5.CHBr.COBr + Zn = Cyij.CH : CO + ZnBr... 

Carbon snboxide (C 3 O 3 ) may bo regarded as keten 
in which the two hydrogens’ of the methylene group 
have been replaced by the carbonyl group : 

HoC : CO CO : C : CO 

Keten Carbon suboxide. 

This substance was prepared in 1906, by heating 
malonic acid with phosphorus pentoxide at 300° under 
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reduced pressure (12 mm.). Carbon snboxide is a 
colourless gas at ordinaiy temperatures, its boiling 
point is + 7° and the melting point of the solid i.s 
— 108°. It is to be rcgai-ded as malonic anhydride, 
since it is formed by the removal of two molecules 
of water from malonic acid and because it recombines 
with water, forming malonic acid 

.coon ^co 

CHj/ = C:;; + 2H..O. 

\COOH “CO 

This oxide of carbon can also be prepared by the 
action of zinc turnings upon di-brom-nialonyl bromide : 

/COBr ,^CO 

CBr< + 2Zu = C;" + 2ZnBr.). 

■\COBr "“CO 

Zinc is a valuable reducing agent in acid, alkaline, 
or neutral solution, and in the diy state it is used to 
remove oxygen from phenols and other oxygen- 
containing bodies. By mixing alizarin with zinc dust, 
and heating the mixture, Graebe and Liebermann in 
1886, reduced the dye-.sub.stance to its parent hydro- 
carbon^ anthracene. 

In effecting the reduction of oxygen compounds 
by this method, zinc dnst is mixed with the substance 
to bo reduced, and the mixtni'e is then heated in a 
combustion tube. The reduction is often facilitated 
by passing a stream of hydrogen or carbon dioxide 
through tho heated mixtui’c : 

CuHjOH + Xn = C,;H,i + ZnO ; C„,HrOH + Zn = C,oHg + ZnO. 

By this method succiuiiuide can be converted to 
pyrrol, and homo-phthalimide to isoquinoliiie : 
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CH-.CO CH : CH 

I \nH I 2Zii .« I \nH + 27.uO 
CIT0.CO C;n : CJI 



0«H,C0 

I ^Nlt + 27,11 = f,in 
CH..CO 



CH 

/'VCH 



\ - N 
CH 



+ 2 ZuO. 



Hoinoplithaliniide itself is produced by reducing 
plitlialic anhydride and then 113 'drolisiug the cyano- 
additiou product ; the auimonimn salt of the acid 
formed is then heated : 

CO CTH CH,CN 

CV.H/ \0 -> > fVlT,^ -> 

00 co'^ ^COOIC 

,CH..COOH 

\COOII 



cn..cooNn, c;h,.co 

C,,H, >= I \nH + NH, + 2HjO. 

'^cooNir, c,jr,.co 



Zinc Citcobtor. 

This substn.uco is uscnl to effect coudeusation b}' 
the elimination of ^vater, aiiiuionia, oi’ hydi’ogeu 
chloride. 

It was used by Groves in 1874, to prepare ethjd 
chloride by the interaction of ethj’l alcohol and 
hydrogen chloride 

C 2 H..OH + HCl = C-HjCI + H.O. 

Illustrative of the power of zinc chloride to elimi- 
nate the elements of water, is the fact that many of 
the higher primary alcohols when heated with this 
reagent, become converted into olefine hydrocarbons. 
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Homologues of the phenols can be prepared bp 
heating a mixture of the phenol with a primary 
alcohol and zinc chloride at 200°; tlms, from plienel 
and isobutyl alcohol is obtained isobutyl-phenol, while 
from cresol the analogous isobiit 3 d-crosol i-csnlts d' 

AiHsOii 4 (ciT,);CH.oiLon — (CHOaC.o^nj.on 4 ir,.o. 

CH, CH:, 

i 4 (CH3)..CH.CII,On =1 4 H..O. 



Alkyl ethers of the phenols are formed simul- 
taneously. 

The production of phthaleins by zinc chloride is 
exemplified by the condeiisation of phtlialic anhydride 
and dimethyl-aniline : 




0 4 2CJI,.N(CH:0., = 



c,ii,,N(cn3)3 

c,.,r-T,.N(cn.,), 

CO — o 






4 H;0. 



The leuco-base of malacJiitn green i.s formed bj' 
condensing benzaldehyde with dimethyl-aniline in the 
pre.sence of zinc chloride : 

/C,II,.N(C1I3), 

OoirvCHO 4 2CV.H6.N(CH3), = CJlj.CH< 4 njO. 

\Co.ir.,N(crr3), 

Acid chlorides condense with acid anydridc.s, 
hydrogen chloride being eliminated in tho pro.sence 
of zinc chloride d® 

cv.H;..coci Cr.H5.c0 c,;ir...co.c,;H,co 

4 No = No 4 2H01. 

CJTs.COCl C,;H6.do C,iHr..CO.C,;IT,,(5o 



Aci'idine and its hoinologne.s ai’o formed by heating 
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the acidyl derivatives of cliplienylamine witli zinc 
chloride 









Clio 






C,i 






N 



\, 



ch/ 



Cf.H, + H„0. 



The method of Groves for preparing alkyl chlorides 
has been inipi’oved by Dehn and Davis, who recom- 
mend the use of phosphorus trichloride instead of 
hydrogen chloride. 

The reaction is represented by the following 
equation 

PClj + 2nCU + SCJijOH = SC^HjCl + 2 HC 1 + Z11HPO3. 



While the maximum yield by Groves’ method, using 
hydrogen chloiide, was 28 per cent., they obtained by 
the above modification a yield of 90 per cent, of 
propyl chloride, and with isobutyl and isoainyl 
chlorides the yields were 60 and 70 per cent, respec- 
tively. 

Many coudcusations are brought about with the 
elimination of ammonia, by zinc chloride. 

Naphthylainiue and methyl alcohol yield naphthyl- 
methyl-ethor : 

C,„M;.NIl3 + = C„,II-.O.CH., + NHj. 



Phenyl-hydrazones of a.ldehydes and ketones lose 
ammonia and form iiidol derivatives.^*' 

Acetone phenyl-liydrazone gives o-methyl-indole, 
while tho hydrazone of propaldehyde gives j3-inethyl- 
iudole ; 



yCH .\ 

C,;H5.NH.N : C< = Cr.H,( ;C.CH3 + NH, 
\CIIa \NH/ 



/C.CHvx 

C,;Il5.NII.N:CJE.CII..Cir., = )CH + NH3. 

\ NH / 




ZtNC AND MKRCUBT 



73 



Zinc chloride may be used to assist the introduc- 
tion of acetyl groups by means of acetic anhydride.'*^ 
A saturated alcoholic solution of the chloride uniy 
sometimes be used instead of the solid itself. Jj'oi’ 
example, by warming o-amiiio-cinnainic ester in an 
alcoholic solution saturated with the chloride, water 
is eliminated and «-ethoxy-qninoline results 

CHS 

CH 

I + H..O. 

/O.OC-Hj 

N '■ 



CJEIf 



/CH; CH.COOCaH5 

\nh. 



= C,H., 



Metallic zinc may be used as an oxidising catalyst. 
When the vapour of alcohol, mixed with air, is 
passed through a tube containing heated zinc, a yield 
of aldehyde autouutiug to 80 per cent. nm.y be 
obtained. 



Mkbcuky and Mkrcuey CoftirOUNDS. 

The use of mercury and its compounds is confined 
to the substitution of halogens and to oxid.ation. 

The aluminium-mercury couple (pi-cpared by im- 
mersing aluminium foil in mercuric chlorido .solution) 
is a halogen earner of some value, and is used to facili- 
tate substitution in the aromatic series of compounds, 
by chlorine and bromme. 

For this purpose the hydrocarbon or the body into 
which it is de.sired to introduce bromine is phi.cod in 
a flask and a fow pieces of the couple a.ddod ; tho 
bromine is then added slowly and tho substitution is 
aocompauied by a vigorous reaction.^® 

Mercuric oxide is utilised when iodine is to be 
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introduced ; the en.'iil}'' reducible oxide foniis inercnrlc 
iodide with the libcvtited hydrogen iodide which it 
is essential to remove from the sphere of action. 

The following are examples of this method : 
Phenol is converted to iodo- and di-iodo-phoifd bv 
adding gradually, iodine and mercuric oxide to no 
alcoholic solution of phenol and agitating d"'* 

2Cr,Hr,OII + UgO + 2L = 2Ctn,(On)r + Ho-I., + n,0 
20, in,, on + 2HgO + .1-I„ = 20cH:,(0H)I; + 2HgI, + 2n,o. 

lodo-dnre.ne is obtained by adding iodine and 
increnric oxido to dnrene dissolved in petredenm 
other, and allowing the mixture to stand some tiir.e.-'^ 
As an oxidant, mercury may be used in the 
presence of sulplmric acid. One of the ino-st iinjior- 
tant examples of this is the oxidation of naphthalene 
to plith,o.lic acid, used on the large .scale in the lir.st 
■stage of the. process for preparing indigo from th# 
hydrocarbon. 

The phthalic acid is next converted into anthranilic 
acid, and this is condeinsed witli chloracetic acid ; 
the .stages are indicated by the following fonunhe ; 



.COOH .CO /C( 

C„,H, -> -> c,n,,( -o C„H,< 

\C 00 H X !0 



^CONIT.. 

^COOII 



/NE., 



.NH.CH..C00n 



< i.y JJ.O yi.' 

-> C„H/ 

coon ^cooH 

.00.. .C0\ 

-> cj-r/ >0 : c< >C,H., 



The phenyl-glycine-carbonic acid is fused with 
caustic soda and the aqueous extract from the fased 
mass oxidised by am. 
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The use of mercnric oxitTe as a uu'kl oxiduait is 
shown in the following examples. 

Salts of phenyl-hydrazine are oxidised to the 
corresponding diazo-couiponnds ; 

(C,;lI:,.NH.NH.;).j H-SO, + 20, ^ (C-oHs N : N), .SO, + 411,0. 

Di-ethyl-hydi-azine is oxidised to tetra-ethyl-tetra.- 
zoiie ; 

2(C,Hr.),N.NH, + O, = (0,11;), N.N : N.N(C,II;), + 2H,0. 

Thi.s action differ.? from that of Fehling^s solution, 
which in the first case gives benzene a.iid in the 
.second case dicth3daniiue ; 

20.;K,..NH.Nir, + O, 2C,;II,; + 2N., + 211,0 
4(C,n,;)jN.NtI, + O, 4(C,H,.),Nn + 2N.. + 2H,0. 

The addition of the elements of water to varion.s 
acetylenes takes place in the pre.sence of inercnric 
bromide and other mercTiry salts.-' 

Acetylene is converted to acetaldehyde, allylene 
to acetone, and valerylene also to a ketone : 

C,II, + H,0 — cn;,.CHO; CH:,.C I CH + H,0 CH;,.CO.C;tT,. 
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CHAPTER V 



ALUMINIUM. TIN. LEAD. ANTIMONY. 

VANADIUM 

The use of aluminium chloi-ide for bringing about 
condensation by the elimination of hydrogen chlonde 
was first made known by Priedel and Crafts in 1877, 
who applied it to the preparation of benzene hydro- 
carbons by the treatment of benzene with alkyl 
chloiides, in the presence of anhydrous aluminium 
chloride ; 

C„Ho + CH;,C1 = CjlU.CH;, + IICl 
CJIf, + CoHiBr = CcHj.CjHi + HBr. 

Its use has beeii greatly e.\tended, and aromatic 
ketones may be prepared by using acid chlorides and 
benzene hydrocarbons. For e.Kample, benzene with 
acetyl chloride gives acetophenone, while benzene 
with carbonyl chloride gives benzophenoue : 

C„Hf. + CH,.COCl = C 0 H 5 .CO.CIIa + HCl 
2CoHc + COCh = Cr.HvCO.CoHr. + 2HC1. 



Alviniinium chloride condensations aro effected by 
mixing the reagents in a suitable solvent (carbon 
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bisulphide^ peti’oleum etliei', etc.) and gradually 
adding powdered, diy,and fre.slily prepared almniuiiuii 
chloride. If desired the procedure may bo a.ltercd 
by placing the whole amount of aluminimn chloride 
iu the solvent and then adding the reacting .sub.stancc.s 
gi’adually. 

The reaction, which is vigorou.?, i.s cuiuplotcd by 
heating the mixture on the water-bath, and thou 
pouring the contents into cold water provious tu 
extracting the end-prodnct mth benzene, ethoi' or 
other suitable solvent. 

Acids can be pi’epared by using carbonyl chloride 
or carbamic chi oxide ; in the foimior ciuse an acid 
chloride is obtained iu the first instance, and in l.ho 
latter case an amide d 

CoHj + COCl; = C^Hs.COCl + HCl 
CoHc + CICONH., = C5H5.CO.NH;, + HCl. 

Aldehydes of phenols and of phenol-ethers can bo 
obtained by passing gaseous hydi'ogen chkiridc .and 
hydrogen cyanide into the phenolic substance, mixed 
with aluminium chloride d 

yOCllj 

C^Hj.O.CHa + CICH: NH - C^H./ + HCl. 

\GH;NH 

The intermediate imino-coinpound is acidified and 
distilled with steam : 



/OCH, 

CcHZ + H..0 

\CH : NH 



/OCII3 

: C5H/ + NII5. 
\CHO 



Aldehydes can be formed by acting upon arainat.Ic 
hydrocarbons with a gaseous mixture of carb(.)U 
monoxide and hydi-ogen chloride d 
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/CHj 

Ciinj.CH, + CICOH = CsHZ + HCl. 

\CHO 



Tlie folio mug- ave examples of internal coudensa- 
tioii brought about by AICI 3 

Phenyl pvopionyl chloride hydrindone : 

y C'H. s /CH.V 

C,;H/ ■ >CH., QH.,< ‘VjH. + HCl. 

COCK ■ \CO/ ■ 



Phcuyl valeryl chloride pheno-keto-heptamethy- 
leiic : 



/CH.— CH»s 
CVH/ ■ >CHi 

COCl-CIl,/ 



/CH.,— CH« 

CoH.,< ' >CH.. + HCl. 

\CO~CH./ 



iSiiiiilarly phenyl-butyiyl chloride passes to ccketo- 
tetrahydro-uaphthaleue. 

iSometimes direct combination of two molecule.s 
’li-esults without auy elimination taking place, as for 
example, in the union of phthalic anhydride and 
benzene to form o-beuzoyl benzoic acid 



CO 

c„h/ \o 
^CO 



+ C Jic = C'oH/ 



/COCcH, 

\ 3 OOH 



Another example is the formation of benzanilide 
from phenyl carbimide and benzene: 

C^Hj + C„HiN : CO = C,H5.NH.C0.C,;H3. 



/>Diketones (1 : 3-diketones) may be obtained 
from acid chlorides, and here again, an intermediate 
;ulJiliun compound appears to be fonned and then 
(Icconipo.sod by treatment with water. The fornia- 
Lioii ol’ aeetyl acetone from acetyl chloride will servo 
t(.i illn.strate this typo of synthesis : 
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CHjCOv 

3CH3COCI + AICI3 = V3H-CCL.O.A1C13 + 2HC1 

CH3CCK 




CH3CO.CHj.COCn;, + CO». 



Benzene is converted into benzene snlpliiiiic acid 
by snlphur dioxide, in the presence of anhydrous 
ahuninium chloride, while oxygen will bring about 
the formation of phenol -S' 

Cf.n, H. SO. .= c,.n3.so.H 
2C,JI,; + O-I = 2CsHsOlI. 



When substances containing hydroxyl groups aro 
used with aluniinimn chloride, it is iicco.sary to protect 
these groups from attack by the metallic chloride and 
this is accomplished by estcrifying thoiii. For ex- 
ample di-beiizoyl-qninol is prepared by the aetion of 
benzoyl chloride upon qninol dibenzoate and subse- 
quent hydrolysis of the product : 

CJI/O.CO.CoH,,).. + 2C„lIvOOCl - (GJI.CO)AlL.(O.CO.CVtk).> 

■+ cilCl. 

(CcHiCOlAHdOC^O-t^sIk)- + 2H-0 1- (Cr,ir,C0)..C„ir..(01X). 

■ ' ' + 2C«ir;.OOOH. 

The function of aluiniiiinm chlorido in these various 
condensations appears to be catalytic.'^ 

Sometimos relatively small quantities of the 
chloride aro sufficient to complete the i-eactians and 
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at other time.g larger quantities are necessary ; com- 
plex compounds are generally formed and thus the 
chloride is removed from the sphere of action. 
Anhydrous ferric chloride, which bring’s about the 
same kind of condensation, does not e.xhibit tlio same 
tendency to form complex intermediate compounds 
and therefore acts as a catalyst. 

The following are examples of the complex inter- 
mediate compounds which have been isolated 
ALC1„.C,;H, ; Al 2 Ch.C 8 H;,(CH;,) 3 .CC,n,;; AUCh.CaH^.CCJi;;. 

Compounds of oxygen-contaiiiiug bodies have ahso 
been isolated : With ether C4H;^yO.A10l3 ; with anisolo 
C 7 HgO.AlCl 3 ; with ethyl benzoate CqH^^qOj.AIOLj. 
All of these are crystalline solids. 

A study of the reaction between anisole and benzyl 
chloride indicates that the change is unimolccnhar and 
that the chloride of aluminium acts as a catalyst, since 
the velocity of reaction is proportional to its concon- 
tration.® 

The formation of ai’omatic ketones has boon ex- 
plained as proceeding in the following stops 
K.COCl + AlCl, E.COCI.AICI 3 
R.COC1.A1CI;, + Illi' = E.C0.R'.A1C1;, + H<R 
R.CO-R'.Aiaj + uHiO = R.CO.K' + A.lCt,.nlRO. 

Anhydrous zinc chloride a.s well as ferric chloride 
can often be used instead of almniuinm chloride 
in these condensatioms. 

It is interesting that the revor.se reaction can bo 
accomplished in the case of the alkylation of bcir/ono. 
All the hydrogen atoms of the hydrocarbon can be 
replaced by methyl groups, and conversely hoxa- 
methyl-benzene can be converted into beiizono.*^ 
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The alkyl groups can also be made to pass from 
one hydrocarbon to another, toluene in the presence 
of aluminium chloride yielding both benzene and 
me to- and para-xylene. 

The fact that small quantities of tho aluminium- 
mercury couple cau bring about similar condensa- 
tions, indicates that the chloride acts as a catalyst; 
the foimation of diphenyl-methane from benzyl 
chloride and benzene is an example of this.^*^ 

Inorganic radicles may be condensed with hydro- 
carbons as in the formation of antimony triphenyl 
and dimethyl-amino-phenyl-phosphine-dichloride 
SbClj + aCJij = SbCCoHs)., + 3 HC 1 
PCI3 + CoHs.NCCHjIj = PC1,.C„H.,N(CH3), + HCl. 

Aluminium trichloride can be used for hydrolysing 
the alkyl ethers of phenol and its derivatives 
C3H5.O.CH3 + HCl = CflHs.OH + CH3CI 
/NO, /NO, 

C„H/ + HCl = Cr.HZ + CH5CI 

\OCn3 \OH 

Tin and Lead. 

Both metals form compounds w'th oi'ganic radicles, 
in which the metals themselves are tetravalent. 

These compounds are prepared by treating the 
sodium alloy of the metal with the required halogen 
compound, and in the case of tin two other methods 
are available, namely, the treatment of tin tetrachloride 
with sodium in the presence of the halogen organic 
compound, and the action of organo-magnesium com- 
pounds upon tin tetrachloride. 

These reactions may be represented by the follow- 
ing equations (X represents Cl, Br or I) : 




AT,TTMINITTlvr. TIN. LNAD. ANTIMONY. VANADITTM 83 

Sn + 4Na + 4RX = SnR 4 + 4NaX 
SnCl.| + 8Na + 4RX = SnR., + 4NaCl + 4NaX 

SnCU + 2MgRX = SnR^Clj + MgX^ + MgClj. 

By the action of iodine upon the tetra-alkyl com- 
pounds one or more alkyl radicles can be replaced ; 

PbR^ + I 2 = PbRsI + RI. 

Componnds of the type PbEjI and SnRgI are con- 
verted into the corresponding hydroxides by treat- 
ment with the hydroxides of silver or sodium : 

PbRjI + AgOH = PbRaOH + Agl. 

The stannonium and plumbonium hydroxides are 
strongly basic crystalline substances which form salts 
with acids, 

Optically active tin compounds have been prepared 
by combining the metal with four different groups 
and then resolving the racemic compound produced. 
The following scheme will indicate the method adopted 
by Pope and Peachy in separating active methyl- 
ethyl-propyl tin iodide 

2Sn(CH3);,I + ZnCCjHs), = 2Sn(CHs)3(C,Hi) + Znl, 

Sn(CH3)3(C3Hj) + I, = Sn(CH3)3(C3H3)I + CH3I 
2Sn(CH3)3(C3H5)I + ZnCCaH-), = ZSnCCHjlsCCjHslCCiH,) + Znij 
Sn(CH3)3(C3H5)(C3H7) + I, = Sn(CH3)(C3H5)(C3H7)I + CH3I 

(Faint yellow oil, b.p. 270°.) 

Resolution was effected by treatment with the 
silver salt of d-camphor-sulphonic acid and sub.sequent 
decomposition of the camphor-sulphonate formed, by 
means of potassium iodide : 

Sn(CH3)(C3H3)(C3H,)I + CioH.jOSOsAg = 
Sn(CH3)(C3H3)(C3H,)S030C,oH,3 + Agl 
Sn(CH,)(C3H3)(CsH7)S030C,oHi5 + XI = Sn(CH3)(C3H5)(C,Hj)I 

+ C,oH, 50SO,K 
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Tin is used as a reducing agent in acid or alkaline 
solution, and after reduction the metal may be sepa- 
rated from the solution as sulphide by hydrogen 
sulphide, or if the reduced compound be a base, caustic 
soda may be added in excess and the base then ex- 
tracted by some suitable solvent. 

When using stannous chloride and hydrochloric 
acid for reduction, the usual proportions are 40 parts 
Sn0l2 and 100 parts HCl (1‘17). This mixture may 
be used in alcoholic solution since stannous chloride 
is soluble in alcohol.^® 

Alkaline stannous chloride is largely used in pre- 
paring azo-compounds and particularly for trans- 
fomiing diazo-compounds into hydrocarbons 
QjHsN: N.OH + H, = CoHj + N, + H ,0 

The entire reaction may be represented thus : 
CeHsN.-NCl + Sna, + H„0 = C.He + N, + SnOCl, + HCl 

Tin tetrachloride is very efficient in bringing about 
the formation of phthaleins ; for this purpose the 
chloride is heated with the reacting substances to 
about 120°. 

The formation of phenol-phthalein and of salicyl- 
phenol will servo to illustrate this method 




HO.CjH4.COOH + CjHjOH = HO.CjH4.CO.C5H4.OH + HjO 

The separation of organic acids by means of the 
lead salt which is subsequently decomposed by 
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hydrogen sulphide, is a method much used, and may 
be illustrated by reference to formic acid : 

(HCOO)aPb + H,S = PbS + 2H.COOH 
Lead monoxide, like silver oxide, may be used in 
the presence of water, for hydrolysis. Fats, for 
example, are saponified (hydrolysed) by boiling them 
with water containing PbO in suspension ; the result- 
ing products are glycerol and a lead soap : 

2(C,5H3,C00)3C3H5 + 3PbO + 8H.,0 = 3(C,5H„COO)5Pb + 
Pabnitin. Load pabnitate. 

2C.,H5(0H)3 

Q-lycerol. 



Lead monoxide is also used as an oxidant, gener- 
ally by mixing it with the compound to be oxidised 
and heating, or passing the vapour of the compound 
over heated lead oxide. 

By this method benzil is oxidised to bonzopho- 
none, aceuaphthene to acenaphthylone, and o-auiino- 
diphenyl-m ethane is converted into acridino 

C0H5.CO.CO.C0H5 + PbO = C0Ii5.CO.C0H5 + COj + Pb 
/CHj /CH 

Cu;ho< I + PbO = c,„H,.<;ii + HjO + Pb 

\CHj \CH 



/CHo. 

CoHZ ^CoHj + 2PbO = CoHo 

\nh. 



/CEL 
< I >ColL 



+ 211,0 + 2Pb 



Lead peroxide is used for oxidising leuco-bodies. 
For example, leuco-malachite greoii (obtained by con- 
densing beuzaldehyde with diiuethyl-aiiilino) is con- 
verted to the base of malachito urooii by hoatinu 
with PbOg : 



CoH 5.CH<^ 



C5H,,.N(CH5)o 

CoH4.N(CH5), 



-> 



/CoHoJSfCCHa), 

CbH 5.C(0H)< 

\CoII.,N(CH3)o 
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The peroxide is utilised on the large scale for this 
purpose. [Germ. Patent 50782.] 

Antimony. 

The chief use of antimony and its chlorides is for 
accelerating the chlorination of organic compounds. 
Chlorination is also accelerated by the chlorides of 
iron, aluminium, molybdenum or thallium, aud the 
metals themselves may be used. 

Just as the trichloride and peutachloride of anti- 
mony are suitable, so also are the two chlorides of 
molybdenum, M 0 CI 3 and M 0 OI 5 , and the two chlorides 
of thallium, TlCl and TlClg.^ 

Nitrobenzene is converted intom-chlor-nitrobenzene 
by chlorine in the presence of antimony trichloride.^' 
According to the German Patent 32564, phthalic 
anhydride is converted into the tetra-chlor-derivative 
by passing chlorine into a mixture of the anhydride 
and antimony pentachloride heated to a temperatm'e 
of 200 ''; 




Antimony trichloride is used to facilitate pyro-coii- 
densations such as that of dinaphthyl from naphtha- 
lene. Only a small quantity of the product is 
obtained by passing naphthalene alone through a 
red-hot tube, but the yield is very much improved 
by mixing the vapour of antimony trichloride with 
the vaporised hydrocarbon ; 

6C,oHs + ZSbCb = 2Sb + 6H01 + 8C,oH,.C,„H7 
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The vapour of stannic chloride appears to be still 
more efficient in this type of condensation. By its 
means a good yield of diphenyl is obtained from 
benzene. 

Vanadium pentoxide has received limited applica- 
tion as an oxygen earlier. Its presence accelerates 
the oxidation of ethyl alcohol to aldehyde and acetic 
acid, when effected by air or by oxygen. 

The oxidation of cane-sugar to oxalic acid by con- 
centrated nitric acid is facilitated by the presence of 
a small quantity of vanadium pentoxide, 



BlBMOaBAPHY. 

I Ann., 1888, 244, 50. 

= Ana., 1906, 347, 347 j Ann., 1907, 387, $20. 

3 Ber., 1897, 30, 1622. 

* Ti-ans., 1894, 65, 484 ; 1899, 75, 144; 1901, 79. 602. 

* J. prakt. Cheni., 1890, 149, 147, 301. 

“ Ann, Ch. Phys. (6), 14, 433. 

' Trans., 1903, 83, 1470. 

* Compt. rend., 1903, 136, 1063 ; Trans., lOO-l, 85, 1106. 
“ Zeit. phys. Chem., 1904, 48, 430. 

Reo. Trav. Chini., 1900, 19, 19. 

“ Ber., 1886, 18, 339, 657. 

‘2 Trans., 1895, 67, 826. 

Ber., 1888, 21, 1497. 

*•' Ber., 1892, 25, 3631. 

Proo., 16, 42, 116. 

Ann., 1891, 264, 131 : Bor., 1882, 15, 1.122. 

>■' Ber., 1886, 18, 2912. 

Ann., 1880, 202, 68 ; Ber., 1883, 16, 2298. 

Ber., 1883, 16, 502 ; Ber., 1893, 26, 308.5. 

Ann., 1884, 225, 199. 

Ann., 1876, 182, 102. 

“ J. prakt. Chem., 1907, 75, 146. 




CHAPTER VI 



lEON. NICKEL. PLATINUM. PALLADIUM 

These metals have all been used as catalysts, 
particularly in oxidation and reduction processes, and 
in this connection the value of nickel and platinum 
is well known, 

Certain iron compounds have been used foi‘ 
reduction. Ferrous sulphate in aqueous solution, 
with ammonia, baryta, or sodium hydroxide, may be 
used for reducing, as also may ferrous potassium 
oxalate in neutral, alkaline, or weakly acid solution. 

The following are examples of the reduction of 
nitro-compounds by ferrous sulphate : nitro-phenyl 
propiolic acid^ and niti-o-dichlor-benzaldehyde® ; the 
method has been used to reduce several nitro-acids 
to the corresponding amino-acids.® 

Ferrous potassium oxalate can be utilised in these 
cases with good resrrlts.* 

The value of iron and of ferric chloride as halogen 
cai-riers is well known. Ferric chloride or ferric 
hydroxide may be rrsed for oxidising purposes, the 
oxidant being in each case reduced to the ferrous 
condition. 
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The oxidation of ethyl indoxylate to ethyl indox- 
anthinate® and of naphthol to dinaphthol® may be 
accomplished by ferric chloride : 

2C10H7OH + 2FeCl3 = C2 „H,j(OH)i + 2HC1 + 2PeCb 

Ferric hydroxide is sometimes used for oxidising 
leuco-bases,^ 

The oxidising action of hydrogen peroxide in the 
presence of ferrous sulphate, was first used by Fenton 
and applied by him in the conversion of the poly- 
hydric alcohols to the corresponding aldehydes. 

In the first instance, the reagent was used to 
prepare di- hydroxy-maleic acid from tartaric acid : 

CH(OH).COOH C(OH).COOH 

2 1 + 0, = 2 II + ZS.fi 

CH(OH).COOH C(OH).COOH 

Glycerol, erythrite and mannitol can be converted 
to the corresponding aldoses by this oxidant : ® 

The first indication of the value of reduced nickel 
for accelerating the reduction of organic compounds 
by hydrogen, was obtained by Sabatier and Senderens 
in 1897, when studying the compounds obtained by 
passing acetylene or ethylene over heated reduced 
nickel. It was subsequently shown that many oi’ganic 
substances could be reduced in this manner, the chief 
factors which determined the success of the reaction 
being, the temperature at which the nickel was first 
prepared from the oxide by hydrogen, and the 
temperature at which the mixture of tlio substance 
and hydrogen was allowed to pass over the metallic 
nickel. 

Generally, the catalyst (nickel) is prepared by 
heating pumice, impregnated with nickel oxide, in a 
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current of dry hydrogen at about 300°, When 
reduction is complete the temperature is allowed to 
fall to between 160° and 200° and the mixture of 
the substance to be reduced, with hydrogen, is passed 
through the reduced nickel. 

The following is a brief sniinnary of the results 
hitherto obtained by this method, and a collection 
of refei’euces to the original papers will be found at 
the end of the chapter. It will be seen that 
although nickel i.s the metal most used and the one 
which generally yields the best results, yet other 
metals, namely, copper, cobalt, iron and platinum, 
have been utilised. 

In 1897 it was found that by passing ethylene 
over reduced nickel at about 325°, a gaseous mixture 
was obtained consisting of 10 vols. of hydrogen, 60 
vols. of ethane and 30 vols. of methane. At higher 
temperatures the volume of ethane was diminished, 
and the nickel was found to be most active when the 
nickel oxide was reduced at 300°. A mixture of 
ethylene and hydrogen at a temperature of 150° gave 
a quantitative yield of ethane. 

In 1899 and during subsequent investigations, it 
was shown that when acetylene and hydrogen are 
passed over reduced nickel at ordinai-y temperatures 
the gases combine, a rise in temperature takes place 
spontaneously, and ethane is tho chief product, but 
the composition of the product depends upon the 
temperature, the proportion of acetylene to hydrogen, 
and the velocity of the gas current. Olefines, paraffins 
and benzene are found in the product and the liquid 
constituents increase with rise of temperature, while 
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a diminution of hydrogen also favours the foi-matioii 
of liquid hydrocarbons, especially benzene com- 
pounds. 

Metallic iron, copper and cobalt behave in a 
similar way, and the formation of liquid hydrocarbons 
supports the idea that petroleum may have been 
formed naturally, by the gases evolved from the action 
of water upon carbides of the alkalis and alkaline 
earths, passing through layers of heated metals in 
the earth^s interior. 

The metals copper, irou and cobalt produce the 
following changes in mixtures of acetylene and 
hydrogen on the one hand, and mixtures of ethylene 
and hydrogen on the other hand. 

If acetylene be passed over copper at 180-250°, 
a mixture of hydrogen, unchauged acetylene, and 
volatile hydrocarbons results ; the copper swells up, 
owing to a deposit of yellowish highly condensed 
hydrocarbon of composition (C^Hg),, which has been 
named cirprene. If the acetylene bo first mixed with 
excess of hydrogen and the temperature 200°, the 
mixture resulting, contains 3 per cent, of olefine 
(ethylene) and 18 per cent, of ethane ; a more 
compact form of copper at 170° causes the olefine 
content to increase ninefold while the ethane is 
reduced in quantity. If the mixture contains half 
its volume of acetylene and the reaction proceeds at 
150° the amount of ethylone in the product i.s still 
further increased and tho cthano decreased. 

Reduced irou at ordinary tenqioratures does not 
affect a mixture of acotylene and hydrogen, but 
above 180° ethane, ethylene (and higher olefines). 
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aud a small amount of benzene hydrocarbons re- 
sult. 

Reduced cobalt accelerates the reduction o£ 
acetylene to ethane by hydrogen above 180°, art <3. 
some liquid paraffins result at the same time- 
Evidently these three metals bring about different; 
results under similar conditions. 

While copper favours ethylene formation, ii’on 
and cobalt, when a sufficently high temperatui'e is 
reached, favour ethane formation accompanied in out? 
case by benzene hydrocarbons and in the other cas© 
by liquid paraffins. 

As regards mixtures of ethylene and hydrogen, 
the reaction, + Hg = CgHg, is not induced hy 

copper below 180°, but between 180-300° this is th© 
main reaction. Metallic iron has no effect on tli/3 
mixture at ordinary temperatures, aud when heated, 
to 180° the reaction soon ceases owing to the metal 
becoming carburised. 

Reduced cobalt induces the reaction, CgH^ + Hej 
= CgHg, at first and the metal becomes spontaneously" 
heated, but it soon becomes carburised and inactive- 
If heated to 100°— 150° the reaction proceeds, jnelding" 
ethane mixed with unchanged ethylene and hydrogeix 
together with traces of higher acetylenes. At 300° 
much unchanged ethylene and hydrogen are found 
with ethane, together with small amounts of methano 
and liquid hydrocarbons ; the cobalt still becomes 
carburised and its activity declines. 

The reaction between ethylene and hydrogen is 
only temporary in the presence of platinum black at 
ordinary temperatures, but at 100—120° slow com- 
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bination takes place, and at 185° the yield of ethane 
is almost quantitative, Spongy platinum behaves in 
a similar manner at 180°, 

Acetylene with excess of hydrogen, in the presence 
of platinum black at ordinary temperatures gives 
only ethane, but if acetylene is in excess then ethylene 
is also formed, while at 180° some liquid hydrocarbons 
also result. 

The passage of acetylene alone, over the metals 
nickel, platinum, cobalt and iron gives the following 
results. 

A rapid current of acetylene when passed over 
reduced nickel causes intumescence, and this is 
apparently due to occluded hydrogen in the metal, 
because when displaced by a stream of nitrogen gas 
no reaction is observed below 180°. At higher 
temperatures no intumescence is observed if the 
acetylene current be sufficiently slow, and the 
products are hydrogen, ethane, ethylene and liquid 
hydrocarbons containing benzene with higher olefines. 
A rapid stream of gas gives rise to intumescence, and 
the issuing gas is made up of hydrogen 51'4 per 
cent., ethane 36'3 per cent., ethylene 2 per cent., 
benzene and homologues 10'3 per cent. ; at the same 
time a liquid condenses which contains unsaturated 
hydrocarbons. 

Finely divided platinum induces no effect with 
acetylene at ordinary temperatures, but above 150° 
intumescence is observed, and the gas is partly de- 
composed into carbon, ethylene, benzene, ethane, and 
hydrogen, the last three in small quantity. 

Cobalt free from nickel has no action upon acety- 
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leiie at ordinary temperatures, but above 200° tlic 
gas is almost completely decomposed into hydrogen, 
ethane and carbon while small quantities of benzouo 
and its homologues are formed. 

Iron behaves similarly but much less ethane results, 
while olefines and benzene accompany the gases. 

Ethylene is not affected by finely divided phatinum 
or copper below 400°, biit cobalt above 300°, partly 
decomposes the gas into ethane, methane, hydrogen 
and carbon, no acetylene being formed. Iron above 
350° has less action, but decomposes some of the gas 
into ethane, hydrogen and carbon. 

The following are some of the results obtained by 
reducing aromatic substances in this manner : 

Benzene and its homologues are reduced by hydro- 
gen in the presence of nickel at 180-200° yielding 
the corresponding cyclohexanes. If the sido-chafh 
be long, then a certain amount of disruption accom- 
panies the reduction, and lower homologues are pi'O- 
dnced as well as the normal cyclohexane. At a 
higher temperature, decomposition of the reduced 
products may occ\\r ; cyclolicxane itself, foi’ example, 
is decomposed if the temperature is 300°, into methane 
and carbon. The hydrogenation of benzene seems 
peculiar to nickel, since cobalt and platinum black 
have only a transitory effect, while spongy platinum, 
iron and copper are quite inert. 

Limonene, sylvestreue and terpinene are all re- 
duced to l-methyl-4-isopropyl-cyclohexaue by this 
method, naphthalene gives tetrahydro-naphthalene, 
and acenaphthene behaves similarly. 

Nitrobenzene, o- and m-nitrotoluene, are all re- 
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duced to the corresponding amino-compounds in the 
presence of copper at 300°— 400° and the reducing 
action of platinnni blach is similar. Eeduced nickel 
acts more vigorously and reduction take.g place 
uoi-mally at 200°, but at 250° the products obtained 
from nitrobenzene are benzene, cyclohexane and 
ammonia, as well as aniline, while at 300° benzene 
is the chief product. 

Eeduced iron aud cobalt act in a similar manner 
to nickel when heated to 450°— 500°. 

Eeduced copper does not effect hydrogenation in 
hydrocarbons unless at least one unsubstituted (: 0 H 2 ) 
group is present ; styrene is reduced to ethyl benzene, 
and limonene passes to CigHjg, but limonene 

becomes still further reduced by nickel to hexaliydro- 
cymene CioHjo. 

"* Hydrogen in the presence of reduced nickel con- 
verts phenol into cyclohexauol aud cyclohexane. 
Poly-phenols are affected similarly, while aniline and 
its homolognes become reduced to cyclbhexylannnes ; 
qninones are reduced to quinols and nitriles to amines. 

The catalyst remains active in continual use, often 
for a month, but is poisoned by halogens or sulphur 
and also by the decomposition of carbonaceous matter 
when working at too high a temperature. 

The following reactions are also important : 

Carbon monoxide (1 vol.) and hydrogen (3 vols.) 
react in the presence of nickel at 250° to form 
methane aud steam, CO + 3Ha = CH^. -f- HjO. 
Carbon dioxide is also i-educed at a higher tempera- 
ture, CO 2 + 4 .H 2 = CH 4 + 2 H 3 O. 

Hydrocarbons of the ethylene series up to a carbon 
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content of Cgj are reduced to the corresponding 
paraffins ; below 160° the product is practically pure, 
but above 200° partial decomposition takes place 
and hydrocarbons of lower molecular weight result. 

The liquid product obtained from acetylene and 
hydrogen at temperatures not above 200° is fluor- 
escent, not attacked appreciably by a mixture of 
sulphuric and nitric acids, and presents the character- 
istics of American petroleum, Acetylene alone, yields 
a green-coloured liquid which resembles Russian 
petroleum. 

Dehydrogenation takes place when the vapour of 
primary alcohols is passed over reduced copper at 250°— 
300° and aldehydes result, while secondary alcohols 
are converted by the same method into ketones. 

Nickel and cobalt effect the same changes, but in 
too vigorous a manner generally. 

Tertiary alcohols are decomposed into olefines and 
water by the agency of reduced nickel and copper. 

For the catalytic reduction of aldehydes, nickel 
reduced at as low a temperature as possible is most 
efficient ; a quantitative yield of alcohol from acetal- 
dehyde is obtained at 140°, while the optimum tem- 
perature for reducing formaldehyde is 90° and for 
propaldehyde 102°— 14<0°. 

Reduced cobalt, platinum sponge, and copper are 
not suitable for aldehyde reduction. 

The reduction of oleic acid to stearic acid by this 
method is of technical importance and is one example 
of the reduction of unsaturated aliphatic acids to the 
corresponding saturated acids. 

Iron, nickel, zinc or lead may be used, according 
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to the German Patent 185932, for reducing formic 
acid to foi-maldehyde by hydi-ogen at 300°. 

Sabatier and Maihle have studied the catalytic 
action of various motallic oxides upon the vapours of 
certain organic compounds. They find that alcohols 
are oxidised to aldehydes by manganous oxide and 
that they are dehydrated by alumina, thoria or the 
blue oxide of tungsten, with the formation of olefines 
and ethers. Those changes are explained in the 
case of thoria by the following equations ; 

ThOj + 2CnII..n+,.OH = ThO(OC„H»„+,)j + H,0 
Below 300° ThO(OC„H.i„+i)j = ThO, + (C„H..„+i),0 
Above 300° TbO(OC„Hj„+i)., = TliO„ + H5O + 2C„Hj„. 

Tho results obtained by passing the vapour of 
piimary alcohols over various heated metallic oxides 
have been summarised, and the oxides used have been 
'arranged in four clas.ses as follows 

(1) The oxidation is limited to the formation of 
aldehyde and water ; tho metallic oxide used has no 
effect upon tho aldehyde and the metal or lower 
oxide which results has no catalytic power. To this 
class belong Sb^Os and BigO^. 

(2) The aldehyde formed may be partly oxidised 
either to tho corresponding acid, or with the forma- 
tion of carbon dioxide and water. Mercm-ic oxide 
at 150° oxidises alcohol to acetaldehyde with the 
simultaneous formation of carbon dioxide, but no 
acetic acid is produced. 

Manganese dioxide at 200° oxidises alcohol to 
aldehyde and is itself reduced to Mn^O^ ; at 250° the 
Mu^Og brings about further oxidation and tho pro- 
ducts are acetaldehyde, carbon dioxide, and acetic acid. 

7 
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(3) Tlio oxides catalytically dehydrate the alcohol, 
and ethylene is the chief resnilt. To this class belong 
Fe 20 g, AI 3 O 3 , and ThOj. 

(4) The largest class consists of those oxides which 
are reduced to the metal, or a lower oxide, capable of 
producing a catalytic effect which is superposed upon 
the initial oxidation. The oxides of nickel and cobalt, 
of lead (PbO^, PbgO^ PkO), of copper (CuO, CugO), 
at 350° belong to this class ; the reduced metals in 
these cases have a dehydrogenating effect upon the 
alcohol, and aldehyde results. 

MujOg is reduced at 350° to pale green MnO, 
which converts the alcohol to aldehyde by dehydro- 
genation. 

Tungstic oxide at 350° is reduced to a blue oxide 
which has a dehydrating effect and ethylene results 
as well as aldehyde and acetic acid. 

The oxides UO 3 and VgOg are reduced to TJOg and 
VgOg respectively, aldehyde and carbon dioxide 
resulting. The further action of UOj or V 3 O 3 gives 
aldehyde, hydrogen, ethylene and water. 

Mixed ethers result when alcohols and phenols are 
used with thoria at 390°— 420° and esterification takes 
place when alcohol and acid interact at 350°-400°. 
Esterification^® is more complete in the presence of 
titanic oxide at 280°— 300°. One molecule of acid is 
used with twelve molecules of alcohol, and in this way 
methyl, ethyl, propyl, butyl, and benzyl esters have 
been prepared from acetic, propionic and butyric acids. 

In the case of formic acid it is necessary to work 
at 150° with titanium oxide and at 200° with thoida 
to avoid decomposition of the acid. 
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Hydrolysis is effected under similar conditions if 
the ester and excess of steam are passed over these 
catalysts. 

Olefines are obtained by passing the vapour of 
parafl&n moiiohalides over reduced nickel or copper, 
heated to 250°; the resulting products are the olefine 
and the haloid acid, which are prevented from recom- 
bining by passing them through potash. The chlorine 
derivatives decompose thus below 260°, but a higher 
temperature is required for bronio- and iodo-com- 
pounds.^’ The bivalent chlorides of nickel, cobalt, 
cadmium, iron, lead and barium produce the same 
effect at 300°; barium chloride is the most efficient 
catalyst, Chlorides of imivalont metals are not able 
to bring about this change, and the following equations 
possibly represent tho reaction in the case of the 
bivalent chlorides : 

( 1 ) MClj + C„IL.h.,C 1 = MCl.C„Il 2 nCl + HCl. 

( 2 ) MC1.C„H5,,C1 = + MCL. 

Tho reduction of iritrilos by hydrogen in the 
presence of reduced irickel or copper usually gives 
primary, secondary and tertiary amines together with 
ammonia, and tho changes aro probably represented 
by the following equations 

(1) R.CN + 2 Hi = R.CIL.NH2 

( 2 ) 2 R.CH 3 NH, = (R.CHjIjNH + NH, 

( 3 ) 3R.CH2NH, = (R.GH,)3N + 2NH3. 

Aldoximes are reduced to amines by hydrogen at 
180—220° in the presence of reduced nickel or copper; 
with benzaldoxime, however, the chief product is 
benzaldehyde when copper is used, and toluene when 
nickel is used.^'* 
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Pi'imary alcohols are converted into primary, .secoi'" 
dary and tertiai-y amines, by ammonia, in the presom;' ‘ 
of heated tnngstic oxide or thoria. 

A mixture of reduced nickel and alumina may b' ^ 
used to effect reduction by hydrogen and tho siinul' 
taneous fission of water ; thus fenchenol is converted 
by this method into fenchane and boruool is tranri' 
formed into iso-camphaue 

Platinum is not only suitable for accelerating reduc- 
tion processes, but is also an excellent catalyst who it 
oxidation is effected by air or oxygen. Forinahlu- 
hyde was first prepared by passing the vapour of 
methyl alcohol and air ovei' a heated platimiiu 
spiral.^® 

Later, copper gauze was found equally effective, 
and formaldehyde is now manufactured by passing' 
the vapour of wood spirit mixed with air, over finely 
divided platinum or copper distributed over an 
earthenware surface. The following processes foi‘ 
manufacturing ammonia and nitrates or nitrito.H 
(substances essential for the synthesis of the highly 
complex plant and animal bodies), depend largely 
upen the use ef platinum as a catalytic agent. 

Ammenia is fermed when nitiic exide and hydro- 
gen are mixed and passed over platinum sponge a(. 
80°. The hydrogen used may be that present in 
Dowson-gas or water-gas and the reaction involved 
is indicated by the following equation 
2NO + 5H„ = 2 NH 3 + 2HjO. 

If ammonia and air be passed over red-hot finely 
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divided platinum (or one of the platiiinin metals), 
nitric acid is forined,^'^ and nitrons acid is produced 
ill the same way if ferric oxide at 700° be substituted 
for platinum.^® 

Ammonia is now made by the Badische Auiliu 
nud Sodafabrik, by passing nitrogen and liydrogeu 
over heated platinum at a temperature of 80°, under 

pressure of about thirty atmospheres. Other 
catalysts used iu the pi-ocess are manganese, nranium 
and osmium. 

Keten has been prepared from acetic anhydride, 
Tjy expo.sing the vapour of tlic anhydride to tho 
dolly dratiiig infliiouce of a whiio-liot plabiiinm 
vdre 

CHj.CO 

^ = 2CHj:CO + ir,o. 

CH:,.C!0 

Platinum and palladium in colloidal solution aro 
used for effecting the hydrogcnaldon of substances iu 
aqueous or alcoholic solution. liydrogeu is pas.sod 
through tho solutions and it is often advantageou.s to 
work under slightly increased pressure ; the colhiid.al 
metals are obtained from palladions chlorido or pot- 
assium platiiiichloride, in tho presence of gum arabic. 

By this method uii.saturated aldehydes and ketones 
are converted into tho con-ospoudiiig saturated emii- 
pound.s, while benzene, toluene and bonzoic acid may 
Be converted into cyclohexane, methyl-cyclohexane 
and cyclo-lioxauo-car boxy lie acid rospoctivoly.^® 

Tho reduction of iiitro-conipouuds iu sehitiou bj'^ 
.s])oiigy copper depends upon tho precipitatiou of tho 
copper from copper sulphate .solution by sodium 
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liypophospliite and the simultaneous decomposition of 
■water, with evolution of hydrogen 

The nitro-compound is \isually dissolved in alcohol, 
spongy copper added, and an aqueous solution of 
hypophoapliito is gradually run into the mixture. 

I’lio presence of halogen or hydroxyl groups in the 
iiitro-coiupound is no disadvantage and good yields 
are obtained. 
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APPENDIX I 



PEACTICAL WOEK: SODIXIM. POTASSIUM 

Ethyl Benzene from bvoui-benzene and ethyl bromide. 

[Aim., 1864, 131, 304. Anu.. 1869, 149, 342.] 

The brom-benzene (60 gnis.) and ethyl hi'ouiido 
(50 gms.) are mixed in a 1-litro flask fitted with a 
reflux condenser, and double the volume of dry 
ether added, 

The sodium (18 gms.), in small pieces, or in the 
form of wire, is added gradually, and a few drops 
of acetic ethyl ester may bo added to accelerate the 
reaction. 

When all the sodium has been added the mixture 
should stand for four or five hours (preferably over- 
night), and then be boiled ou the water-bath for half 
an hour. After cooling, the h’quid is decanted from 
the sodium bromide and the residue washed twice 
with dry ether. The washings are added to the 
original liquid, and after distilling off the other the 
residual oil is fractionated. That fraction is collected 
which distils between 132°— 135®, Yield, about 

20 gms. 




TRACTICAT. WORK : SOUTtlM. rOTASSttlM 105 



Anisole from sodium phenate and methyl iodide. 

[Aan., 1851, 78, 226.] 

Sodium (5 gms.) in small pieces is dissolved in 
methyl alcohol (lUO c.cm.) contained in a ^-litre 
flask fitted with a reflux condenser. Wlien the 
sodium has all dissolved, phenol (20 gms.) and 
methyl iodide (40 gms.) are added, and the mixture 
heated on the water-bath until it gives no alkaline 
reaction (about three hours). 

The alcohol is then distilled ol¥ and water added 
to the residue to precipitate the anisole, which is 
extracted with ether. After drying the ethereal 
extract over calcium chloride, the ether is distilled 
off and the residual oil fractionated, that fraction 
being collected which boils between 150°— 155°. Yield, 
about 16 gms. of a colonrle.ss oil with agceablo 
odoiu', b.p. 154°. 



Benzoic ANiiTOiiinK from sodium benzoate and benzoyl 
chloride. 

Benzoyl chloride (10 giu.s.) is added to powdered 
sodium benzoate (10 gms.) in a .sma.Il retort and tho 
mixture i.s heated .strongly. The di.stillato, which is 
collected in a receiver, solidifies and may be recrystal- 
li.scd from benzene, and the odour of benzoyl chloride 
may be removed from the cryskals of benzoic an- 
hydride by placing them in a desiccator over .solid 
pota.s.sium hydroxide for a few hours. 

Yield, about 12 gm.s. Rhombic prisms; m.p. 
42°, b.p. .360°. 
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Hexamethylene from the dihromide. 

[Trans., 1894-, 65, G99.] 

The preparation of hexamethylene dihromide from 
tuw^-chloro-hrom-propane, which is itself prepared from 
allyl chloride, is as follows ; 

Allyl alcohol may be converted into allyl chloride 
by heating with cone, hydrochloric acid in a sealed 
tube at 100° for several hours. 

Allyl chloride is then converted to chloro-brom- 
propane by heating in a sealed tube mth a slight 
excess of cone, hydrogen bromide solution at 100° 
for seven to eight hours. The mixture is then 
washed, dried and fractionated. 

The boiling point of the product is 140°-142°. 

Chloro-brom-propane (1 mol.) is next dissolved in 
a little methyl alcohol, and the calculated amount of 
sodium (1 atom in twelve times its weight of methyl 
alcohol) is added in three portions, the mixture being 
boiled after each addition. 

As soon as the vigorous action ceases the product 
is cooled and mixed with twice its volume of water, 
the oily layer exti'acted with ethei' and the ethereal 
solution washed with water to remove alcohol. After 
drying the extract over calcium chloride it is distilled 
with a fractionating column ; the portion boiling at 
115°-118° is chlor-methoxy-propane, yield 50-60 2 rer 
cent. 

Chlor-methoxy-propane (20 gms.) is next dissolved 
in 60 c.c. of light petroleum (b.p. 50°— 60°) and 
heated to boiling under a long reflux condenser. 




PEACTICAL WORK : SODIUM. POTASSIUM 107 



The flame is removed and small pieces of potassium 
added gradually, the very violent action after each 
addition being allowed to subside before adding 
another piece, The mixture soon thickens owing to 
the separation of potassium chloride, and when the 
metal is no longer acted upon the whole is boiled for 
half an hour, any unchanged metal being removed 
by alcohol. 

The product is then poured into water, the oily 
layer separated and dried over calcium chloride 
before fractionating. Most of the liquid distils 
between 100°— 150° and is unchanged chlor-methoxy- 
propane, while the liquid boiling above 150° is chiefly 
di-methoxy-hexane, which is next digested under a 
reflux condenser for three hours with fuming hydro- 
bi’omic acid. The dark-coloured product is poured 
into water, the oily layer extracted with ether, and 
after removing the ether from the dried extract, the 
residue is heated in a sealed tube with hydrobromic 
acid for two hours at 150° —160°. The product is 
poured into water, extracted with ether, and the 
dark-coloured hexamethylene dibromide fractionated 
under reduced pres.sure (20 mm.). That portion is 
collected which boils between 125° and 140“. 

The heavy colourless dibromide (30 gms.) is now 
mixed with me<u-xylene (30 gms.), and added tln-ough 
a funnel di-op by drop to a mixture of sodium 
(15 gms.) in small pieces, and 70 c.c. of m-xylene. 
The reaction is vigorous, and if a condenser be fitted 
to the side-tube of the reaction-flask, the resulting 
hexamethylene di.stils over between 70° and 100°; 
thi.s may be refractionatcd over sodium and that part 
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collected wliich distils at 77 ^- 80 °. Yield about 
10 gms. 



TRIMKa’HYI.liNE DlCAltBOXYUtC AciD. 

[Bor., 1884, 17, 64] 

Di-sodimu inalouic ester is prepared by dissolving 
sodium (13‘5 gins.) in alcohol (150 gms.) and 
adding malonic ester (45 gms.) gradually. Kthylene 
dibromide (54 gms.) is then slowly added, and the 
solid mass which forms is then heated under a reflux 
condenser to 100° for twenty hours ; the mass becomes 
liquid soon after heating, and at the end of this 
time should be no longer alkalino to litnins. The 
excess of alcohol is next distilled over and the 
residue mixed with water to dissolve sodium bromide, 
after which it is exti'acted ^vith ether and the 
extract dried over calcium chloride. The dried 
extract is now freed from ether by distillation, and 
the residual yellow-coloured oil fractionally distilled 
in a flask with a loirg neck and the fraction collected 
which distils between 195°-225". This fraetion 
should again be distilled and the portion boiling a.t 
203°-210° collected. 

To separate malonic e.s-ter still present and wliich 
amounts to 15 to 20 per cent, it must be converted 
into the higher boiling deriva.tive, bcnzyl-inalouic 
ester. For this purpose half a gram of sodium in 
alcohol is added to every 20 gms. of the oil collected, 
and to this mixture 2’5 gms. of benzyl chloride is 
added and the whole heated until neutral. 

Water is then added and the esters extracted with 




HUM-TIOAI, W0|:K ; SODIUII. POrASSII/M 



109 



etliei'j and after removing the etlier tlio remaining 
oil is fractionatod. Benzyl-nialonic ester boils at 
300°j so that tho trimethylene ester may be separated 
by collecting the distillate which passes over at 206°— 
210 °. 

The ester is hydrolysed by boiling with alcoholic 
potash for three honrs, and after boiling off all 
alcohol tho residue is dissolved in water, and nii 
acidifying with sulphnric acid the trimethylenc di- 
carboxylic acid is extracted with ether. Crystalline 
solid, m.p. 140°. By heating to 200° carbon dioxide 
is evolved and the mono-car boxylic acid results, 
which is a liquid, b.p. 188°— 190°. 

Chlorofoumic Ester. 

[Bor., 1886, 18, 1177.] 

Liejnid carbonyl chloride is placed in a flask which 
is imuier.sed in a freezing mixture. The flask is fitted 
with a reflux condenser through which a stream of 
ice-cold wator circulates. The upper end of the 
condenser is closed by a cork through which passes 
a calcium chloride tube, and into which is fixed a 
dropping funnel. The calculated quantity of methyl 
alcohol is slowly added from the dropping funnel ; a 
vigorous reaction follows the fall of each drop and 
hydrogen chloride is evolved aud passes out through 
the calcium chloride tube. When tho addition of 
alcohol produces no further action tho ester is poured 
into water, washed with soda carb. solution, sepai-ated 
and dried over calcium chloride; b.p. 70°. 
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( VvKliMNVi. C'lii.iiuiin:. 

, lh>i.. 30 . ISiiHi, , 

l•'^r tin'.-; |nir|iii;;(> Mil|iliiir (riivviili' i ;il|i.\vc(l (n;u ( 
ii|ioii f!irlii.ii lr| nirliliirid.’. C('l| i «.SU,j . 

I 

'I'lid |iy l•ll>•lll|llll|^yI I’hloriilH Idrnicil iiMcl.t willi 

IIk^ siil|iliiiric iii’Jil jiri’.AfJit Uuim; iS.O.Cl, 1 ii^.SOj 

™ HOj ( 2(:iso..oii. 

'I’lic cnrlmii ti'trnclilHfiilc (•‘•U i i ItoiU'tl uii 

I Ilf \v:itf r-lnilli iiii(!fp :t rciliis foiiili-n iT (jirc I'c nildy 
fill' liiiviii^ tlin-f HI- li'iii' liiilli'. I'll I Ilf iiiiifr (iibf), 
vvifli a laili'-tiilif 1 ‘iimciI inlu I lie Ih|i |iiirl. iiiul ii 
clrnii|iiii}f riiiitifl liKcdiii (Ilf <'|)fii end, llinniffli wliiidi 
tiO c.f. I'limiti^' .'iiilldinrif Jifid {■‘'U j>iT cfiil. >;i) 
dropiu'il lildwly, 'I'lif v:i|ihiiivi wliicli if.ffiid I hf 
cciiib'iisfr [lifis <iiit. tlmiU),;li llif m'iIc-IiiIii’ Jiiid am 
wiihIii'iI liy (m.SMliijf tlmiii)^ii fiuif. ;iiilidiiirif acid 
(well foidfd) ; t lify ( lifii |ni;i:i iii(n a rfcc ivc r Iniiiifmfd 
ill a frci'7.uiK niistimi wIutc llif fnrhnnyl (dduridn 
ffllfct:). Wiii-iliiii;^ (liriMij'li fHiif, Miljdiiirif acid 
run'Vi'a (i) ffiiuivf HO., and S.Oj_(n., I’nim (lif vajinur:i. 

When all tim finainjt' Niiljdiiii-if lu-id liiia liffii 
a-ddfil tlif (liiak may Im wurnual I'fr livi* luiiiidcn 
tivfi' tlif lliuiif (■<) drivf fi»( all OOCl... Wflj^ld fl 
(Tiulf ])mtliift. i:i 2'>"d0 d'lii.'i tnay lif |Uicilifd 

by rfdiMtilllitg' tliriiii};li fniif. niilpliiinf acid, (liu 
wai'iidili ff l.ho liiiiid lifinp; Midififiit (<i iirDdiUHi 
lifiliiijfi h.ji. ( h'\ 
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Methyx. Beneoath. 

[Ann., SuppL 7, 125.] 

Broiu-beiixeno (30 gms.) and chloroformic ester 
(20 gm.s.) are mixed with 1 per cent, sodium amalgam 
(1200 gm.g.) and heated for several days at 110° 
under a reflux coudenser. Tho mercury is then 
poured off, the residue extracted with ether and 
tho extract fi'actionally distilled. 

B. p. of methyl benzoate is 199°, 

Tonuic Ethyl Estei?., 

This may be prepared in the same maimer as 
methyl benzoate, using brom-toluene (34 gms.), 
chloroformic ethyl ester (20 gms.), and 1 pei- cent, 
.podium amalgam (1500 gms). 

Acktoacetic Estee. 

[Ann., 1877, 186, 161.] 

Acetic ester (200 gms.) is placed in a round flask 
and sodium in thin slices (20 gms.) is quickly added. 
After this a reflux condenser is fitted to the flask, and 
if the reaction bocomes too vigorous the latter must 
be immersed in cold water. When the reaction 
sub.sides the mixture is boiled on the water-bath 
until no sodium remains, and after cooling, the mixture 
is made acid by adding 50 per cent, acetic acid 
(about 100 c.c.) ; an equal volume of saturated brine 
is then added to salt out any acetic estor, which 
collects at the top with acetoacetic ester. This layer 
is placed in a distilling flask and distilled over wire 
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gauze until the temperature reaches 100°, to i-eiiiove 
all acetic ester. The remaining liquid is distilled 
under reduced pressure to avoid decomposition of 
the acetoacetic ester. 

Tho boiling points under various pressures are as 
follows ; 

88° at 29 min. . . 97° at 59 mni. 

94° „ 45 „ . . 100° „ 80 „ 

The yield is about 35 gms., b.p. 181°. 

Ethyl Acetoacetic Ethyl Ester. 

[Ann., 1878, 192, 163.] 

Aceto-acotic ester (32 gms.) is added to a solution 
of sodium (5‘5 gms.) in alcohol (70 gms.), and to this 
mixture is gradually added ethyl iodide (40 gms.). 
The rni.\turc is then heated on the water-bath till it 
gives no alkaline reaction with litmus (about 2^ 
hours) . Most of the alcohol is then distilled off, tho 
residue is mixed with water to dissolve the sodium 
iodide and then extracted with other. After drying 
the ethereal extract over calcium chloride, the ethor 
is distilled off and tho roniaining oil fractionally 
distilled. Yield about 25 gms., b.p. 198°. 

Tho yield may bo improved by distilling under 
reduced pressure. B. p. at 140 inm. pressure is 140°, 
at 100 mm. 127°, at 40 mm. 106°. 

Acid hydo'olysis of the ester by concentrated potash. 

[Ann., 1877. 190, 270.] 

The ester (20 gms.) is boiled with 22 per cent, 
alcoholic potash (made by dissolving 20 gms. of 
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potash in 90 c.c. of alcohol) for four hours under a 
reflux coudeuser. When cool, it is extracted with 
ether to remove any ketone formed, and then again 
extracted after acidifying with sulphuric acid, to 
remove butyric acid. After drying the extract over 
calcium chloride the ether is distilled off. 

Yield of butyric acid about 8 gnis., b.p. 163°. 

Ketonie hydrolysis of the ester by dilute sulphuric 

acid. 

CHjCO.CH.COOCjHs + H,0 = CH^CO.CHj.C.Hj + CO^ + CjHsOH. 

The ester (20 gms.) is boiled with 200 c.c. of dilute 
sulphuric acid (1 part acid to 2 parts water) for 
three hours under a reflux condenser. The cooled 
mixture is then extracted with ether, aud after drying 
the extract over calcium chloride, the ether is distilled 
off aud the remaining oil fractionally distilled. Yield 
about 10 gms. B.p. of propyl-methyl-ketone is 102°. 

Aceto-succinic Ethyl Estee. 

A mixture of aceto-acetic e.ster (33 gms.) with 
.sodium (5 gms.) dissolved in alcohol (70 gms.) is 
treated with mono-chlor-acetic o.ster (32 gms.) which 
is added gi-adually. The mixture i.s then boiled oil 
the water-bath until no alkaline reaction is shown 
(about two honr.s), aftor which it is treated with 
water to dissolve sodium chloride, extracted with 
ether, and the ethereal extract dried over calcium 
chloride and distilled. Yield 12—15 gms. of a 
yellow oil, b.p. 256°. 

ft 
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Mai.onic Mhykk. 

I Aim., iKHd, 204. !:;<). | 

.111 iliid |)ni|)iu-!vl.i(iii clilnr-acol.ic. acid i.n cmivorl.od 
iiild ]i(il.!iHRiiuu r.}'aimool.a((i, wliirli i.s I lien liydruly.'-icd 
and c.sloririiid in imo oporah’dii : 

(MLOl.COOIv t 1«'N ('I1,(<:N).('<)01C h K'Cl 

<,‘ii3(<^N).<;oiii< 1 2(’aii.,oii 1- 211., so, . (:ii.,tcoo(‘,ir.)., 

( Ivll.s-o, + (NIt,)lIHO,. 

(Jlilonw’dl.ic acid (•!•() ffiiiH.) inixi'd wiMi wai.or (HO 
I’.c.) i.s Ticated (.d AO— (K)" wliilo ])ol.as,^. cai’l). (M2 giiiH.) 
i.4 added until tlio liipiid i.M nontml and olTorvonconco 
coa.s().s. Powdcrcil |i<ikiH.4inm i^yanidd (M2 fcms.) is 
iidW added and tlio whole well .stirred. Alter the 
Hast ri'aetidii i.s over (he inass is oarel'iilly lusitod till 
the teiniieral lire ri'aches IMA" and then nllowod to 
eeel. 1’Iie selid i.s then broken iiji, and (ho eyan- 
ace(ate ■[ire.sent i.s siniul(.aiiediisly liydrolyHod and 
('slerilh'd by (irst mixing wi(.h 1(1 c.c. of aleolidl, and 
(.Inm adding a ini.xtiiro of akudiol (OA e.e.) and einie. 
Hiilphiirie. acid (O.A c.e.) gradually, during (.on iniimte.s. 
The flask i.s (.Inm lieatml on the wii(er-Im(.h for one 
hour under a reflux (snideiiHur, after whii^h (.he cool 
nn'xtim) is treated with HO e.c. of water, filtered 
from inmihiblo niiitfsir, ami (.lie liltrats! extracted 
Hovoral (.imoH with ether. 'I'lie ethereal ox(.ract i.s 
washed with Hodiuin earboiiate solul-ion and then 
dried over caloiiini chloride. After distilling off the 
other, the romaiiiitig osier is distilled under reduced 
prossuro. B.p. at ordinary pressure is JllA". H.p. 
at HO Him. is 12'?", at 00 min. 120", at MO nun. lOH". 
ColourloB.s li((nid. Yield, M.A— 40 gins. 
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Mono-ethyl Malonic Ester. 

Malonic ethyl ester (20 gms.) is added gradually to 
a solution of sodium (3 gms.) in ethyl alcohol (40 c.c.). 
The solid sodium salt separates out, and when all the 
malonic ester has been added the solid mass is mixed 
with ethyl iodide (25 gms,), which is added gradually 
and which causes the mass to become liquid. The 
mixture is ‘then heated on a water-bath for one and a 
half hours, by which time sodium iodide has separated 
out and no alkaline reaction is obtained. 

The alcohol is next distilled off, water added, and 
the mixture extracted with ether. After drying the 
extract over calcium chloride, the ether is removed 
and that portion of the remaining oil collected which 
distils at 206°-208°. Yield, 10-15 gms. 

Hydrolysis and Conversion to Butyric Acid. 

The ethyl malonic ester (10 gms.) is hydrolysed 
by boiling for an hour on the water-bath with strong 
aqueous potash containing 15 gms. of potash. The 
product is treated with moderately strong hydro- 
chloi'ic acid till neutral, and the acid is then pre- 
cipitated as the calcium salt by adding a concentrated 
solution of calcium chloride. The salt is filtered and 
decomposed by .strong hydrochloric acid and the fi’ee 
ethyl malonic acid extracted with ether. The ether 
extract deposits crystals on evaporation, and these 
may be recrystallised from a small quantity of boiling 
water. Colourless prisms, m.p. 1 1T5°. Yield, about 
5 gms. 
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If some of tlie acid be heated oyer a small flame, 
carbon dioxide is liberated and butyric acid remains. 
/COOH 

C,Hj.CH< = CjHj.COOH + CO., 

\C00H 

Diaoeto-succinic Estee. 

[Ann., 1880, 201, 142.] 

Solid sodium acetoacetic ester is first prepared 
by dissolving 5 gms. of sodinm in 40 gms. of alcohol, 
and after adding an equal volume of dry ether, 
acetoacetic ester (28 gms.) diluted with its own 
volume of ether, is gradually added with shaking. 

To the mixture 1 c.c. of water is then added and 
the whole well stirred ; this causes the sodium com- 
pound to separate, and it is filtered and drained on 
the pump. Yield, 20— 25 gms. 

The sodium compound is mixed into a thin paste 
with ether, and an ethereal solution of iodine then 
added till no more sodium iodide precipitates. The 
mixture is allowed to stand some hours and then 
filtered. The ethereal solution is shaken with 
mercury to remove iodine, after which it is crystallised 
from dilute alcohol or 50 per cent, acetic acid. White 
crystals, m.p. 78°. Yield, 10 gms. 

Ethane Tetea-carboxtlic Esteb. 

[Ber., 1884, 17, 2781.] 

Sodium (2'3 gms.) is dissolved in alcohol (30 gms.), 
and to the cold solution is added malonic ethyl ester 
(16 gms.). To the clear mixture, ether is added till 
a turbidity appears, and then iodine (12-7 gms.). 
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di.ssolved in etliov, is added gradually with shaking. 
After standing a short time, water is added to dissolve 
sodium iodide, and the separated ethereal layer shaken 
with thiosulphate solution to decolorise it. After 
separating and drying over calcium chloride, the ether 
is removed and the remaining oil solidifies on cooling. 
Colourless prisms, m.p. 76*^. Yield, about 8 gms. 

Acetyl Acbtoacetic Estee. 

LBei'., 1884, 17 , Ref. 604.] 

Dry sodium acetoacetic ester (20 gins.), which is 
prepared according to the method given under di- 
acoto-succinic ester, is dissolved in ether, and acetyl- 
chlorido (12 gms.) is added slowly. A vigorous 
reaction takes 2ilace, which may be completed by 
warming, after which a little water is added to 
dissolve sodium chloride, and the ethereal layer 
separated. After removal of the ether the remaining 
oil is distillod under reduced pressure. B.p. at 50 mm. 
is 122—124°. Yield, about 20 gins. 

Antu-yeine. 

[Ann., 1887, 238, 147, 100.] 

[Bor., 1883, 16 , 2597.] 

[D.R.P. 20429.] 

Phenyl hydrazine (10 gms.) is added to acoto- 
acetic ethyl ester (12‘5 gms.) and woll shaken ; much 
heat is evolved, and when the reaction is over the 
oily product is separated from tho water formed, and 
heated on the water-bath till a sample poured into 
water becomes solid (2 houi-s). Tho whole is poured 
while still wainu into ether, the white precipitate 
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collected, well washed with ether, and thou diied 
recrystallised from alcohol. 

The pheiiyl-methyl-pyrazolon is then methyl; 
by heating with the calculated amount of me 
iodide in methyl alcohol at 100°— 150°, in a sealed 1 
for one or two hours. The hydriodide of autipy 
present in the contents, is decomposed by aqu' 
potash, and the antipyrine obtained is then cryf 
lised from toluene or ether. M.p. 114°. Yi 
about 10 gms. 

Mono-methyl Succinic Bstek. 

[Trans., 1899, 75, 839.] 

/3-Mothyl-cyano-succinic ester is first prepared 
mixing cyan-acetic ester (28‘5 gms.) with 5'7 gms 
sodium dissolved in 70 gms. of alcohol, and t 
adding very carefully to the thick paste, 42 gms 
a-brom-propionic ester. The sodium coinpo 
dissolves with evolution of heat, and sodium bron 
separates. After an hour on the watei’-bath, 
neutral liquid is cooled and poured into water, : 
the oil which separates is extracted with ether. 
ether extract is washed with dilute sodium carbor 
solution and then with water, and after drying o 
calcium chloride the ether is distilled off ; the 
maining yellow oil is fractionated under 24 r 
pressure. The greater portion distilling bctw 
140°-1 65° is collected and refractionated under 17n 
pressure, and that part collected which passes ovoi 
160°-165°. Yield, 60 per cent. 

The cyano-succinic ester thus obtained, is hyd 
lysed by boiling with six times its volume of co 
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liydi-ochloric acid midor a reflux condenser for five 
hours. Any acid which separates on cooling is 
filtered, the liquid is made alkaline with ammonia, 
and boiled with 25 per cent, calcium chloride to pre- 
cipitate tho calcium salt of the acid, which is filtered 
and treated with hydrochloiie acid to separate tho 
methyl succinic acid. 



SuCClNO-SUCCINXC BsTEF,. p-DlICKTO-HilXAMJiTHYLKHU. 

f Aim., 1882, 211, 308.] 

[Ann., 1885, 229, 45.] 

[Ber., 1889, 22, 21C8.] 

Sodium (10 gins.), cut into small pieces, is added 
to succinic ester (38 gins.) containing two or three 
drops of alcohol. Tho mixture soon becomes semi- 
solid, and is allowed to stand for ten days with 
occasional shalcing. 

At tho end of this tiino the mass is broken up, 
acidified with dilute hydrochloric acid, and tho in- 
soluble ester is then filtered and recrystallised from 
alcohol. Colourless crystals, m.p. 126°, Yield, about 
20 gms. N.B. — A smaller quantity can be obtained 
in less time if a little ether be added to the mass, and 
the mixture be heated on the water-bath for about 
twenty hours, during three days. 

To obtain p-dikoto-hexamethyleue, the oster is 
hydrolysed with sodium hydroxide, and the acid 
(succino-.succinic) precipitated by acidifying. Thi.s 
acid is then heated to 200'^, whon it lo.so.s carbon 
dioxide and the diketo-body i-eiiiaius ; ni.p. 78'\ 

Another method is to hydroly.se tho ester with con- 
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centrivted sulphur ic acid, when it loses carbon dioxide 
and passes directly to p-diketo-hexamothylene. 

Tin TETEArHENYL. 

[Ber., 1889, 22, 2917.] 

Twenty-five gins, of tin-sodium alloy (25 per cent, 
sodium) is prepai-ed by adding sodium in small 
pieces to strongly heated molten tin, in an iron 
crucible. Tho alloy when cold is broken up into 
small pieces and mixed ivith 30 gins, of broinbenzeno 
in a flask, and 1 to 2 gms, of acetic ester added. 
The mixture is then boiled under a reflu.x condenser 
ill an oil-bath for ton hours. The brown semi-solid 
mass is next extracted with benzene and the extract 
crystallised. Colourless prisms; m.p. 226°. Yield, 
10-15 gins. 



Lead TErEArHENYB. 

[Bw., 1887, 20, 71C.] 

This is prepared in the same uianner as tin tctra- 
phoiiyl, using 25 gms. of powdered lead-sodium 
(8 per cent, sodium) and tho same quantity of brom- 
benzene. Tho mixture should be boiled for fifteen 
hours and then extracted with benzene. Pale yellow 
needles ; in.p. 224°. Yield, about 18 gms. 

Meecuey Diphenyl. 

[Ann., 1870, 154, 93.] 

Brombenzene (31 '5 gms.) is dissolved in an equal 
volume of xylene, and heated with 400 gms. of sodium 
amalgam (2 per cent, sodium) at 160° in an oil-bath. 
A small amount of acetic ester (about 1 gm.) 
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HccdonitoH l.lu) I’oacl.ion iiiid boiling' in conl.iiiiK-d 
during Jiinr Imnv.s. 'I’lio cloa.i- liquid ih Uioii liltcrod 
bol.j and Idio Grystallino anbsknico wliioli .soparaica 
from l.lio xyloiU) on c-doling is roc-rysiallisod from 
lioiiKom;, 

OolourloSH iic()dlt!s; m.j). 120’'. Yiold abonl. 15 gnus. 

iSlI.tCON TwrilAl'IlKNYI.. 

[Itiir., issn. 18. l.'•.n.i 
l.ltor., IHSC, 19, lom'.] 

.SiCl, I -h 8Na ™ Si(0,;ti.,)j + 8Na(;l 

iSilic.on tolracldorido (20 gni.s.) i.s nii.\'cd willi 
cldorlioii//Oiio (50 gnus.) and four l.inios l.lio vnlinno of 
<lry (.•Uic.r, iind a .small (pianl.il.y of aool.io o.sl.cr (I l.(i 
2 gins.) addod. Tlio Jbislc is n.l.tacln'.d ki a rolln.'c 
coiubm.soiq and Mion .sodiinn (25 gnus.) in .snmll |iioc.o.s 
is gradnally addod. A vigoron.s n'acl.inn I’ldbiws and 
Uio lla.sk slioidd bo nqiisiUslly .sliakmi. VVbmi l.lio 
roaoLion i.s ounqilok'd, wak-r i.s addod ki nunovo any 
nnn.l.t!ud<od widinm, and (.lion onoiigh t;o di.s.solvo tbo 
.sodiinn cliloriilii, al’I-or wliiob tbo mixture is o.xtraotod 
witli hot bcii/.ono. Wliik> cry.stals soparato from tlio 
bonzeno solntioiq ni.ju 22H". 

( (.XAUVi.-ArKTii; I'l.s'rni;. 

I llor.. ISHC. 19. ."•.a'li, I 

Oxalic o.sl.or (20 gnis.) is nii.xcd witli ctlior 
(100 gnus.) and sodiinn (5 gnus.) in thin slic.i'.s. 
Acotic (ustor (12 gnus.) is tliiMi added rcoin a. (li-o|i|iing- 
rniincl, .slowly, and aft.or twelve lioiir.s tlio nni-SH 
wliicli lia.s .solidiliod is las’iilod in tbo sa.iiio way lus 
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for tlio acpavatioii of acetoaoctic oal.er (aee p. 111). 
Yield j 50 to 60 per cent. A colon rle.ss oil, wliioli 
crystallises with difficulty. 

Method 2, 

[Ami., 1893, 277, 376.] 

Sodium ethoxido (9 gms.) is prepared by dissolving 
3 grm. of sodium in a small quantity of ethyl alcohol 
and then distilling off the latter in a stream of dry 
hydrogen gas, The distillation should be conducted 
in an oil-bath and the temperature allowed to i-ise to 
200° in order to drive off all alcohol. Oxalic 
ester (20 gms.) is then added aud enough ether to 
give a clear solution ; acetic ester (12 gms.) is next 
added, and the whole is boiled under a reflux con- 
denser for one hour. 

After this, the cool mixture is decomposed with 
cold dilute sulphmnc acid, the ester is extracted with 
ether, and after diying over calcium chloride the 
ethereal solution is allowed to crystallise. Yield, 
about 50 per cent. 

Hydeoxymethylene-camphob. 

[Ann., 1894., 281, 328.] 

In a htre-flask, diy ether (20 c.c.) is mixed with 
sodium (8 gms.) in thin slices. The flask is attached 
to a reflux condenser fitted with a dropping-funnel, 
and camphor (50 gms.), dissolved in 200 c.c. of dry 
ether, is added to the ether and sodium, after which 
amyl formate (45 gms.) is added gradually from the 
dropping-funnelto the well cooledmixtnre in the flask. 
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Tho reaction is allowed to moderate after each 
Eidditiou of 4 or 5 gms. of the formate, and tho 
flask is shaken occasionally. About half an hour is 
taken to add all the formate, and the mixture is 
then allowed to stand for two hours, by the end of 
which time most of the sodium will have dissolved 
and the mixture will be semi-fluid aud brown. After 
standing another four hours to allow the sodium salt 
to separate, the whole is poured into 200 c.c. of iced 
water. The yellow aqueons layer is extracted twice 
with ether to remove any caxnphor or borneol in it, 
and finally air is blown through it to remove all ether. 
The aqueous solution is then treated with ice-cold 
acetic acid (30 per cent.) until the deposition of oil 
ceases, and after an hour, when the oil has solidified, 
it is filtered and dried. Yield, about 20 gms. ; in.p., 
70°-76°; 

yC : CHONa 

2C,„H,uO + 2Niv + IICOOCjH,, = C„H,,< | + C,„H„ONa 

NCO 

+ QIInOH 

AcHTYE ACBTOl’IIRNONJi. 

[Cor., 1906, 38, 605.] 

[D.H.P. 49642.] 

Acotic ester' (19 gms.) and acotophonone (24 gms.) 
are mixed with 150 gms. of dry ether and tho mixture 
cooled in ice, while powdered sodainido (16 gms.) i.s 
gradually added. "When tho sodaniide 1ms xUl been 
added, the mixture is allowed to stand for a day, 
during wliicdi time a thick pa.ste of .sodium .salt sepa- 
rates. At the end of thi.s perind ice-water is added; 
the aqueous ln.yer is .separated from the ether, and all 
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traces of ether blown out of it ; it is thou acidified 
with acetic acid, and the precipitated ketone filtered 
off. Crystals; in.p., 60°-61°; yield, about 25 gms. 

Preparation of Sodamide. 

[Trans., 1894, 6S, 504.] 

Ammonia gas is passed over sodium heated in 
a glass tube to a temperature of 300°— 400°. Since 
the glass is attacked, the sodium should rest in a 
trough of nickel foil. When powdering the sodamide, 
it should first be moistened with benzene, since it is 
very hygroscopic. 

Ethyl AcjSTOPiiENONii. 

[Ber., 1905, 38, C98.] 

Acetophenone and ethyl iodide iu molecular quan- 
tities are mixed, and sufficient dry ether added to 
dissolve them (several volumes). One molecular 
quantity of sodamide is then added gradually with 
cooling, and after a while ammonia gas is evolved 
and the ether boils. After standing twenty-four 
hours, ice-water is added and the ethereal layer- 
separated. This contains acetophenone, together with 
mono- and di-ethyl derivatives, which are separated 
by fractional distillation. B.p. of ethyl acetopheuoiio, 
227°-233°. 

FuEFUnOL AcilOLElN. 

[Ber., 1880, 13, 2342.] 

Furfurol (1 part) is mixed with acetaldehyde 
(2 parts), water (100 parts), and 10 per cent, sodium 
hydroxide (5 parts). 
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By gradually heating the mixture to 50°— 60° a 
yellow oil first separates, passing to a brown solid, 
and when the lattei- appears, the liquid is neutralised 
with sulphuric acid, The liquid is next distilled, and 
the distillate (containing needle-crystals) is extracted 
with ether, the ethei’eal extract distilled, and when 
the temperature has reached 210° the residual oil is 
allowed to solidify. The brown needles of furfurol 
acrolein are recrystallised from boiling water. Pale 
yellow needles; m.p. 51°; yield, about 60 per cent, 
of furfurol used. 

CiNNAMYL-VINYL-METHYL KbTONE. 

[Bor., 1885, 18, 2320.] 

Acetone (30gms.) is shaken with water (3600 gms.) 
till dissolved, and then cinnamic aldehyde (40 gms.) 
is added and shaking continued till a white emulsion 
is obtained. Sodium hydi-oxide (40 gms. of 10 per 
cent, aqueous solution) is then added, and the whole 
is allowed to stand forty-eight hours, with occasional 
agitation. At the end of this time the kotono will 
have completely crystallised. It may bo recrystallised 
from ether. Rhombic plates; m.p. 68°. 

Acetic Anhydride. 

[Bor., 1911, 44, 3333.] 

Acetyl chloride (40 gms.) is mixed with potasisinm 
nitrate (7 gms.) in a flask attached to an upright 
condenser, which is closed by a calcium chloride tube. 
A vigorous reaction is accompanied by the evolution 
of chlorine and nitrosyl chloride, and after standing 
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for half an hour, the mixture is heated on a water- 
hath and gradually raised to boiling temperature, at 
which it is maiutained for two hours. The colourless 
liquid mass is then extracted with ether to remove 
the potassium chloride, and the otharoal extract 
fraclioually distilled. Yield, 15 to 20 gins . ; b.p., 138°. 

Ben'/oin peom Benzaldehyue. 

[Ann., 1840, 84, 18C.] 

Benzaldohydo (25 gma.) mixed with potassium 
cyanide (5 gins, in 20 c.c. of water) and absolute 
alcohol (50 C.C.), is heatod on a water-bath under a 
reflux condenser for half an hour, At the end of 
this time tho benzoin crystallises out and may be 
filtered, washed with a little alcohol and rocrystallised 
from spirit. Colonrloss prisms, rn.p. 137°. Yield 
about 20 gms. 



DESYL-ACBTOrnHNONB . 

[Trans., 1890, 97, 644.] 

Acetophoiiono (18 gms.) is mixed with benzoin 
(31 gm.s.), potassium cyanide (4 gms.), water 
(75 gms.) and alcohol (75 gms.). Tho mixture is 
boiled on tho water-bath and if necessary a little 
more alcohol may be added to dissolve the benzoin. 
After half an hour, desyl-acetophonoiie separates as 
ail oil, and after 1^ hours, tho boiling is stoppod, and 
the oil^allowed to settle and separate. On cooling, 
the oil solidifies, and after draining on a plate is re- 
crystallised from alcohol. Pale-yellow crystals j m.p. 
126°. Yield, about 18 gms. 
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Phenanthkoxylene Acetoacetic Ester. 

[Bor., 1883, 16, 276.] 

Finely powdered phenanthraquinone (33 gms.) is 
mixed in a flask with acetoacetic ester (30 gms.) 
and 150 c.c. of potassium hydroxide solution (one 
part KOH to six parts water) added. The mixture 
is gently wanned with continual shaking, heat is 
evolved, and the red colour of phenanthraquinone 
gives place to the light grey of the crude product. 

This is boiled with water, washed with alcohol and 
recrystallised from ben 2 ene. Yield, about 30 gms. 

White silky needles, which blacken and decompose 
at 185°. 
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Acrolein /3-Iodopkopionic Acid. 

Acrolein is prepared from glycerol by mixing the 
latter substance with twice its weight of powdered 
acid potassium sulphate, and after standing two days, 
distilling the mixtui’e in a retort ; two layers collect 
in the receiver, the upper of which is acrolein. This 
aqueous distillate is shaken up with powdered 
litharge until no more lead sulphite is produced, and 
it is then distilled on a water-bath. The moist 
acrolein which collects, is allowed to stand over 
calcium chloride for two hours and then redistilled. 
B.p. 52°. Yield, about 35 per cent. 

The acrolein is next oxidised to acrylic acid as 
follows : All alkaline silver oxide solution is prepared 
by dissolving silver nitrate (1 part) in water (10 
parts), and mixing with sodium hydroxide (1 part), 
also dissolved in water (10 parts).* 

Ammonia solution is then added gradually till the 
precipitated silver hydroxide jivst dissolves. A quan- 
tity of this solution, sufficient to oxidise the acrolein 
taken, is warmed to 60°— 70° on the water-bath, and 
* These quantities should not be departed from and the solution 
should not be allowed to evaporate, otherwise silver fulminate may 
be formed and a dangerous explosion may result. 
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the acrolein, dissolved in the minimum amount of 
water, is added gradually ; when all has been added 
the heating is continued for half an hour, with 
occasional shaking. 

After this the mixture is acidified with hydro- 
chloric acid and the aciylic acid separated by 
distillation with steam. 

The acid distillate is neutralised with lead car- 
bonate, heated and filtered, after which, the dry lead 
salt is decomposed by heating it in an inclined tube, 
through which passes a current of dry hydrogen 
sulphide. B.p, 140°. 

2CHjj CH.CHO + 3AgaO = 2CHa:CH.COOAg + 4Ag + HjO 

The acrylic acid is now dissolved in the minimum 
quantity of water, and the calculated amount of con- 
centrated hydrogen iodide solution gradually added, 
shaldng well after each addition. When all has 
been added, the mixture is warmed on the water- 
bath for one hour and then evaporated to crystallisa- 
tion ; the resulting j3-iodopropionic acid melts at 82°. 

Adipic Acid. 

[Ann., 1869, 149 , 220.] 

/3-Iodopropionic acid is melted in a small flask 
with finely divided silver in slight excess of that 
calculated from tlje equation : 

2CH3I.CHj.COOH + 2Ag = 2AgI + (CH3),(C00H).,. 

The silver is prepared by suspending silver iodide 
or silver chloride in water, and adding the necessary 
amount of zinc dust. The precipitated silver is 
filtered, washed with dilute hydrochloric acid to 

0 
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remove any zinc, and then dried by heating gradually 
to 150° 

The molten mixture of iodo-acid and silver is 
maintained at 100°— 120° until it thickens and the 
temperature is then raised to 150°— 160°. After 
remaining at this temperature for two or three hours 
the mixture is cooled and then extracted with boiling 
water. The aqueous extract, on evaporation, deposits 
a considerable crust of adipic acid which is separated. 
A further quantity of adipic acid is obtained by 
evaporating the mother-liquor, and the whole may be 
recrystallised from hot water. Colourless crystals; 
m.p. 148°-149°. 

Adipic acid is more conveniently prepared by the 
following method, from -y-chlorobutyronitrile (Cl.CHg. 
CHg.CHg.CN), which is itself prepared from trimethy- 
lene chlorobromide as follows : 

To a hot solution of potassium cyanide (80 gms.) 
dissolved in 125 gms. of water, hot 96 per cent, 
alcohol is added (500 c.c.), and to this clear, hot 
mixture, trimethylene chlorobromide (200 gms.) is 
added; the whole is then boiled for 1^ hours on the 
water-bath under a reflux condenser. The alcohol 
is next distilled off, and carries with it most of the 
unchanged trimethylene chlorobromide. Wateris then 
added to the residue in the flask to dissolve potassium 
salts, and the oily layer is distilled after drying over 
calcium chloride. After two or three fractionations 
the portion boiling at 192°— 205° is taken as -y-chloro- 
butyronitrile. B.p. 195°— 197°. Yield, 50 per cent. 

[Ber., 1890,23. 1771.] 

[Trans., 1901, 79, 130.] 
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The nitrile, prepared as above, is next digested 
with the calculated amount of sodium raalonic ethyl 
ester, on the water-bath, till no alkaline reaction is 
obtained. After removal of the alcohol and sodium 
chloride, the cyano-propyl-malonic ethyl ester is 
fractionally distilled under reduced pressure. B.p. 
170°-175° at 40 mm. 

This substance, ON.CH 2 .CH 2 .CH 2 .CH(COOC 3 H 5 ) 2 , 
is then boiled with dilute sulphuric acid (1 ; 2 ) for 
five hours j the resulting adipic acid is extracted 
with ether and purified by recrystallising from water. 

Caebazole prom Thio-diphenylamine. 

[Ber., 1886, 19, 2243.] 

Thio-dipheiiylamine is prepared by heating a 
mixture of diphenylamine (30 gms.) and sulphur 
(12 gms.), at a temperature of 250°— 280° for one hour 
or until hydrogen sulphide is no longer evolved. 
The mixture is then distilled (in a retort) ; any un- 
changed diphenylamine boils at 310°, while thio- 
diphenylamine distils at 370°. The distillate may be 
crystallised from alcohol. Yellow plates; m.p. 180°, 
Yield, over 50 per cent. 

To prepare carbazole, the thio-diphenylamine is 
mixed in a retort with excess of copper powdei- and 
distilled in a stream of carbon dioxide. If the 
distillate has a yellow colour (due to thio-diphenyl- 
ainine) it should be again mixed with copper powder 
and distilled. Colourless crystals, m.p. 238°; b.p. 
355° Yield, CO-70 per cent. 
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Di-oethonitrophenyl-diacetylene. 

[Bor., 1882, IS, 60.] 

It is necessary to prepare first, o-nitro-pheuyl- 
propiolic acid, which is itself obtained from o-nitro- 
cinnamic acid, Cinnamic ester (50 gms.) is nitrated 
by pouring gradually into cooled nitric acid (sp. g. 
1-5). 

After completing the nitration by warming on the 
water-bath for twenty minutes, the mixture is poured 
into water, and the mixed o- and p-nitro-esters 
separated by digestion with a little alcohol, in which 
only the ortho-compound dissolves. The substance 
may then be obtained in a pure state by pouring the 
alcoholic solution into cold water and filtering. 



Bromination of o-Nitro-cinnamic Ester. 

[Ann., 1882, 212, 125.] 

The ester (20 gms.) dissolved in carbon bisulphide 
(300 gms.) under a reflux condenser, is treated 
gradually with bromine (15 gms.) and warmed. The 
bromine soon disappears, and if the CS 2 be quite dry, 
no hydrogen bromide will be evolved. After warm- 
ing a short time, part of the CSg is distilled off and 
the remainder evaporated. Pale yellow crystals will 
separate; m.p. 71°. Yield, 30 gms. 

The ester is next treated with alcoholic potash as 
follows : 

Di-brom-o-nitrocinnamic ester (12 gms.) is dis- 
solved in alcohol, and potash (6 gms.), also dissolved 
in alcohol, is added slowly. Potassiu m bromide at 
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ouco separates, and when all the potash has been 
added the liquid is filtered from bromide, part of the 
alcohol distilled off, and the romainder evaporated 
over sulphuric acid. The dark brown liquid deposits 
crystals (mixed with resin), which are poured into water 
and extracted with ether to remove impurities, after 
which the iiitro-pheiiyl-propiolic acid is precipitated 
by sulphuric acid fractionally. A brown precipitate 
is first thrown down and removed, further addition 
of sulphuric acid throws down nitro-pheiiyl-propiolic 
acid, and more is obtained by extraction with ether. 
The slightly red crystals melt at 157°, and when 
subjected to a steam distillation give nitro-phenyl- 
acetylene. 

The last-named compound is converted into the 
copper derivative by dissolving it in much alcohol 
and adding an ammoniacal solution of cuprous 
chloride. The resulting precipitate is wa.shed with 
ammonia, then beaten to a pulp and air bubbled 
through it to remove ammonia ; it may be recrystal- 
lised from chloroform. 

In the final stage of the process this copper com- 
pound (1 part) is added to a solution of potassium 
ferricyanido (2^ parts) and potassium hydroxide 
(0'4 part) in water (9 parts) ; this mixture is allowed 
to stand till the red colour of the copper compound 
disappears (24 hours). The green-brown residue is 
separated and after drying, extracted with chloroform ; 
the di-phenyl-diacetyleiie iiitro-compound crystallises 
in yellow needles. 
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O-CnLOR-TOLUENE. 

[Zoit. angGw. Chem., 1910, 23, 389.] 
o-Toluidiiie (53 gnis.) is dissolved in a mixture of 
170 gms. of 23 per cent, hydrochloric acid and 500 
gms. of ice-cold water. It is diassotised by adding 
gradually, sodium nitrite (37 gms.) dissolved iu water 
(80 gms.J. The ice-cold diazo-solution is then added 
to a solution of cuprous chloride (50 gms.) iu 23 per 
cent, hydrochloric acid (380 gms.) diluted with water 
(330 gms,). The temperature of the copper solution 
should bo kept at -f 5° during the mixing, and tho 
process should occupy fifteen minutes. After stand- 
ing a short timo, the mixture is heated on the water- 
bath to drive off nitrogen and is then stoam-distillod. 
The distillate is extracted with chloroform, tho 
extract diied over calcium chloride, and after removal 
of chloroform the oil is distilled. B.p. 157°. Yield, 
about 50 gms. 



o-Chlok-senzoic Acid. 

o-Chlor-tolnene is boiled iu a flask uiidor a I’eflux 
condenser, with a solution of potassium pennanganato 
containing a weight of the oxidant equal to that of 
the chlor-toluene used. The timo required is about 
ten to twelve hours and the permanganate solution 
may be added gradually. When the liquid has 
cooled two methods of treatment are possible : Either 
it may be filtered from precipitated manganese oxide 
and then acidified with hydrochloric acid to precipi- 
tate chlor-benzoic acid, or sulphur dioxide may bo 
passed in straight away without filtering. The latter 
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process will dissolve the oxide of manganese and at 
the same time precipitate the chlor-benzoic acid. 
Colourless crystals ; m.p. 137“. Yield, nearly quanti- 
tative. 



2")-Chlor-toldene (Gattermann) . 

[Her., 1890, 23, 1218.] 

p-Toluidine (36 gms.), dissolved in a mixture of 
40 per cent, hydrochloric acid (225 gms.) and water 
(150 gms.), is diazotised by 25 gms. of sodium nitrite 
dissolved in 100 c.c. of water. Copper powder (40 
gms.) is then made into a paste with water and 
added gradually to the above diazo-solution during 
half an hour. After standing a short time the 
mixture is steam -distilled and the p-chlor- toluene 
separated by extraction with chloroform. B.p. 160°. 
Yield, about 35 gms. 

Formaldehyde. 

[J. Hubs. Pliys. Chein. Soc., 1913, 43, 28C.] 

Methyl alcohol (100 c.c.) is placed in a flask 
which is kept at a temperature of 40°, and connected 
to a hoidzontal combustion tube in which a i-oll of 
copper foil (5 cm. long) is placed. The other end 
of the combustion tube is connected to a condenser 
and a well cooled receiver. 

Astream of air is driven thi’ough the alcohol causing 
a mixture of air and alcohol vapour to pass through 
the coppei' coil, which should be heated until it just 
glows. The reaction will proceed without further 
heating and a solution of formaldehyde in methyl 
alcohol will collect in the receiver. 
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Small explosions on the copper do no harm, but 
the temperature should not exceed a dull red heat 
or some of the aldehyde will bo decomposed. 

A much improved yield (about 80 per cent.) may 
be obtained by substituting pumice, coated with a 
mixture of silver and copper, for the roll of copper 
foil. 

For a method of estimating the pei-coiitage of 
formaldehyde obtained, see ‘ Volumetric Analysis,^ 
by Sutton. 
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Benzoic Acid. 

A solution of magnesium phenyl bromide in ether 
is prepared by mixing brombeiizene (16 gms.) with 
dry ether (50 c.c.) and gradually adding magnesium 
ribbon (2'4 gnis.). The reaction, which is fairly 
vigorous, may require to be started by the addition 
of a crystal of iodine. When all the magnesium 
has dissolved, the solution is cooled in iced water and 
a stream of well dried carbon dioxide passed through 
it for about three hours, at the end of which time 
tlio flask contains a solid mass of the addition pro- 
duct C 2 H 5 .COO.MgBr, 

The solid mass is treated with 50 c.c. of ice-water 
with shaking, and then 40 gms. of cold 20 per cent, 
hydrochloric acid is added gradually. This process 
liberates benzoic acid, which may then be extracted 
with ether and crystallised. 

Yield, about 10 gms. 
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Phenyl-ethyl-caebinol. 

[Compt. rond., 1900, 180, 1322.] 

Magnesium ethyl iodide is prepared by mixing 
ethyl iodide (40 gms.) with dry ether (100 c.c.) and 
then adding magnesium ribbon (6 gms.). When all 
the magnesium has dissolved, the solution is cooled 
in ice, and benzaldehyde (25 gms.) in 50 c.c. of 
dry ether added gradually. The solid magnesium 
compound which separates is allowed to stand over- 
night and then ice-cold water (200 c.c.) is added, 
followed by sufficient hydrochloric acid (1 : 1) to just 
dissolve the magnesia. The ethereal layer is removed 
and washed, first with sodium carbonate solution, 
and then with sodium bisulphite to remove iodine, 
after which it is di-ied over potassium carbonate. 
The ether is distilled off and the phenyl-ethyl-carbiuol 
distilled under reduced pressure. Yield, about 20 
gms. 



Tbimethyl Caebinol. 

Magnesium methyl iodide is prepared from methyl 
iodide (25 gms.), and magnesium (4 gms.) in dry 
ether (15 c.c.). 

To this solution is added, gradually, acetone 
(10 gms.) in an equal quantity of ether, and the 
mixture is allowed to stand over-night. After this, 
dilute acid is added and the two layers which result 
are separated. 

The ether is distilled from the ethereal layer and 
the trimethyl carbinol which remains is added to the 
acid aqueous solution ; this is distilled with steam 
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until the addition of solid potassium carbonate ceases 
to “ salt out ” the carbinol. From the aqueous dis- 
tillate the carbinol is salted out with potassium car- 
boiiato, separated, and dried over lime or baiium 
oxide. 

Yield, about 60 per cent . ; b.p. 83°. 



Tiiiphenyl Carbinol. 

Magnesium phenyl bromide is prepared by 
dissolving brom-benzeiie (16 gms.) in ether (80 c.c.) 
and adding gradually magnesium ribbon (2'4 gms.). 
The solution when ready, is treated with beiizo- 
phenone (18 gms.) in ether (50 c.c.), and when the 
main reaction is over it is completed by boiling on 
the water-bath for half an hour. 

A few lumps of ice arc then added to the well 
cooled liquid, followed by dilute sulphuric acid. 
The ethereal layer is separated, washed with sodium 
carbonate solution and then dried over potassium 
carbonate, after which the ether is distilled off and 
tho solid rocrystallised from benzene. Yield, about 
20 gms. m.p. 159°. 



Camphor from Camfhokic Acid. 

[Coinpt. rend., 1896, 122, 293, 'MS.] 

Gamphoric Anhydride -> Campliolide -> Homo- 
camphoric Acid. 

Camphoric anhydride is prepared by mixing 
camphoric acid (100 gms.) with acetic anhydride 
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(70 gins.) and acotyl clilovido (11 gin.s.) and boil 
the mixture under a reflux eondonsov for half 
hour, After cooling, tho anhydride is washed w 
water and rocryatalli.sod from alcohol. Yield, £ 
90 per cent. ; in.p, 221°. 

Tho camphoric aiiliydrido is di.ssolvod in alco' 
and an excess of 5 poi’ cent, sodium amalgam ado 
gradually during 3 day.s, keeping tho mixture 1 
and continually acid by addition of cone, snlphu 
acid. The roanltiug camidiolide may bo I'ocryst 
Used from bonzonc. M.p. 21G°. 

Tho cainpholido is next heated in a sealed tu 
with tho calcTilated amount of potassium cyanide 
280° for six hours. When cold, tho mass is trai 
ferrod from the tube to water, in which uuchang 
campholidc i.s insolnblo, and tho aqueous solution 
extracted with other to remove traces of campholii 
after which it is acidified with sulphuric acid 
precipitate homocaniphoric iiiti-ilo. This substax: 
is collected, rocrystallisod from alcohol or other a 
hydrolysed by boiling with 30 per cent, potash 1 
ammonia i.s no longer ovolved. Tho mixture is th 
acidified and tho precipitate of homocamphoric ac 
filtered. M.p. 234°. 

Homocamphoric acid i.s now neutralised with so 
solution and precipitated with lead acetate ; tho lo 
salt of tho acid i.s collected, dried, and thon pack 
into a long combu.stion tube and heated gent 
Camphor sublimes and may bo collected. 

Camphobic ACin is prepared from camphor 
heating 50 gins, with a mixtiiro of 400 gnis. niti 
acid (T4) and 260 c.c. of water for twenty hours 
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a boiling water-bath. The mixture should be in a 
litre-flask, with a boiling tube, which contains cold 
water, fitted in the neck. 

At the end of this time the mixture is well cooled, 
and the camphoric acid which separates is filtered 
off — about 30 gms. 

The motlier-liquor, about 600 c.c., is mixed with a 
further 80 c.c. of cone, nitric acid and camphor 
(50 gms.) added, and after heating for a further 
twenty hours, camphoric acid is separated as before 
(about 40 gms.) . The mother-liquor is again treated 
with 130 c.c. of cone, acid and 60 gms. of camphor, 
and after a further twenty hours' heating, about 
40 gms. more of camphoric acid is separated. In 
this way from 160 gms. of camphor, about 110 gms. 
of camphoric acid will be obtained — 70 per cent, 
yield [Amer. Chem. Journ., 1894, 16, 500]. 



Pentamethtlene. 

I'Ann., 1893, 275, 312.] 

Adipo-ketone is produced by distilling the calcium 
salt of adipic acid in an iron or glass tube. The 
distillate is re-distilled, and that portion collected 
which boils at 128°— 132°. 

The ketone is then reduced by mixing it with an 
equal volume of ether in a flask fitted with a reflux 
condenser; an equal volume of water is then added 
and sodium in small pieces dropped in. When the 
required amount of sodium has been introduced, the 
ethereal layer is removed, dried over potassium 
hydroxide and the ether distilled off. The remaining 
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oil is fractionated and the portion collected which 
boils at 135°— 145° ; this is refractionated. The re- 
sulting cyclo-peutanol boils at 139°. 

The alcohol is next cooled to 0° and saturated 
with hydrogen iodide ; after standing over- night the 
liquid is shaken with dilute sodium hydroxide. A 
colourless oil separates, which can be distilled with 
little decomposition in a current of carbon dioxide at 
164°-165°. 

The iodide is now reduced to pentamethylene by 
mixdng it with five times its weight of alcohol and 
some granulated zinc in a flask fitted with reflux 
condenser, 

Fuming hydrochloric acid is added drop by drop, 
and after some time the solution becomes turbid and 
an oil separates, which, after standing during some 
hours with the zinc and acid, is separated, and 
any iodide present removed by shaMng with a 
mixture of concentrated sulphuric and nitric acids. 
The liquid after separation is dried and distilled. 
B.p. 50°. 



Ctanamidb; G-uanidine. 

' [J. auge-r. Cliom., 1910, 23, 2406.] 

Sodium cyanamide (50 gms.) , is gradually added 
to concentrated hydrochloric acid (1'19), 74 gms. 
while well cooled, and the water is then removed by 
distillation in vacuo. The residue, which solidifies 
on cooling, is extracted with ether, and the ether 
evaporated; the cyanamide solidifies when cooled. 
Yield, about 10 gms. M.p. 40°. 
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From calcium cyanamide the procedure is as 
follows : The calcium compound is dissolved in water 
and the calculated amount of aluminium sulphate 
added in solution ; this liberates cyanamide, and a 
precipitate of calcium sulphate and alumina is formed. 
The filtrate is evaporated in vacuo and the cyanamide 
crystallised from ether. By this method about 20 gms. 
of cyanamide is obtained from 200 gms. of the calcium 
compound. 

A good yield of guanidine nitrate is obtained by 
treating dicyananiide (obtained by heating cyanamide} 
with a mixture containing 25 per cent, of hydrochloric 
acid (1'19) and 35 per cent, of nitric acid (1'38), in 
water. 
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Citric Acid. 

[Trans., 1897, 71, 457.] 

Oxalyl-acetic ester (20 gr»s.) is mixed with inono- 
bi’omacetic ester (17 gms.) in a flask of 300 c.c, 
capacity, fitted with an air-condenser. Enough zinc 
turnings to cover the end of a spatula are added and 
the mixture becomes brown, while the temperature 
quickly reaches 50° and the zinc dissolves. Addition 
of a second portion of zinc is attended by boiling 
and the reaction is moderated by cooling ; the metal 
is added in excess, and the mixture is then heated on 
the water-bath for a short time. After cooling, the 
mixture is treated with cold dilute sulphuric acid 
and ether, well shaken to get a clear solution, and 
the ethereal layer removed, washed with dilute 
sodium carbonate and dried over calcium chloride. 
The ether is next distilled and the remaining oil 
fractionated under reduced pressure ; most of it 
passes over below 200° at 35 mm. That portion 
taken as citric ester (b.p. 212°— 216°) is hydrolysed 
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by alcoholic potash. Prom tlio neutral solution 
calcium citrate is precipitated. Yield, about 5 gins. 



Ketones ok Tertiary Alcohols erom Acid Chlorides. 

[Bull. Soc. Cliim., 1911 (iv). 9, i-xxv.] 

Tho zinc alkyl reagent is prepared as follows : 

Twice tho amount of zinc-copper couple theoreti- 
cally required, is mixed with the alkyl iodide (1 mol.), 
ethyl acetato (J- mol.), and diy toluene equal to twice 
the weight of ethyl acetate used. This mixture is 
heated under a reflux condenser at 100°, and the 
reaction started, if necessary, by adding a crystal of 
iodine. 

About forty-five minutes’ heating is required, and 
towards the ond, the temperature may be I'aised to 
110° j the flask should be occasionally shaken. When 
refluxing has stopped, the contents of the flask are 
cooled, an amount of toluene equal to that first used is 
added, and the viscous liquid is decanted into a dry 
flask or bottle. Yield, about 80 pei' cent. 

For use with acid chlorides the procedure is as 
follows : 

An amount of the above reagent (zinc-alkyl-iodido) 
is taken (25 per cent, in excess of tho calculated 
amount), and while cooled to 0°, the acid chloride 
dissolved in dry toluene is added di'op by drop with 
diakiiig. When all the acid chloride has been run in, 
the mixture is cooled and dilute sulphuric acid 
added. The toluene layer contains the required 
product, and often a small quantity of zinc which may 
be renaoved by shaking with ammonia. After this the 

10 
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toluene solntion is wa.slod \vitli NaHCOj and also with 
thiosnlphate ; it is thou dried ove\’ sodium sulphate 
before separating the ketone or tertiary alcohol. 



Naphthalene feom /3-Naphthoi. 

A combustion tube is half filled with a mixture of 
zinc dust and /3-naphthol (lOgms.). Tho remainder 
of the tube is filled with granulated pumice impreg- 
nated with zinc dust, and this (the front end) is con- 
irected to a receiver. The other end of the tube is 
connected to a generator for providing a stream of 
dry hydrogen. The combustion tube should be 
between 50 and 60 cm. loirg, and rest in a furnace. 
When all air has been expelled by hydrogen, the zinc- 
pumice is heated to redness and then the naphtliol 
mixture is heated. 

In the receiver, naphthalene and water collect, and 
when the distillation is complete, the aqueous distillato 
is extracted with ether and the ethereal solution 
dried over calcium chloride. On evaporating the 
ether, naphthalene remains. 

ISOQUINOLINE. 

[Ber., 1888, 21, 2299.] 

[Ber., 1881, 17, 2178.] 

Pidhalic Anhydnde -> Phthalide -> Homophthalimide. 

Phthalic anhydride (200 gms.) is dissolved in 
glacial acetic acid (1 kilo.), and while heated on the 
water-bath, zinc dust (300 gms.) is gi’adually added. 
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Tho zinc dissolves rapidly with evolution of heat and 
when the reaction becomes sluggish, heat is applied. 

Needles of diphthalyl — 

which deposit on cooling are filtered off, and on 
diluting the mother-liquor a mixture of hydro- 
diphthalyl and hydrodiphthal-lactonic acid is pre- 
cipitated. After filtering these off, the phthalide 
is extracted from the mother-liquor with ether. 
Prisms; m.p. 73°. Yield, about 30 per cent. 

The phthalide is next converted to cyanotoluic 
acid by heating it in a sealed tube with the calculated 
amount of potassium cyanide at 230°— 240°, for five or 
six hours. 

Tho contents of tho tube are then transferred 
to water, filtered from any insoluble matter, and tho 
nitrile precipitated by sulphuric acid. When filtered, 
it is hydrolysed by boiling with 30 per cent, potash 
till no more ammonia is evolved, after which homo- 
phthalic acid is precipitated by sulphuric acid. M.p. 
175°. 



Homophthalic Acid -> Homophthalimide. 

[Bor., 1886, 19, 1653.] 

The ammoiiiiun salt is prepared by neutralisation 
with ammonia, and then distilled, when it decomposes 
into homophthalimide, water and ammonia. The two 
latter substances pass over first, and leave behind 
hoinoplithalimido, which melts at 223°. 

The homophthalimide is then mixed with zinc dust 
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in a combustion tube and heated iu a stream of 
hydrogen, at a dark red heat. 

A deep-brown liquid distils over which smolls of 
isoquinoline, and this is saturated with hydrogen 
chloride, the hydrochloride of the base filtered and 
dried, and it may then bo decomposed by aqueous 
potash. The isoquiiiolino, which may be obtained by 
extraction of the alkaline liquor with ether, or dis- 
tillation with steam, may he further purified by 
formation of the picrate and its subsequent decom- 
position, M.p, 23°, B.p. 24 J°, 

Fluorescein. 

[Ann., 1876, 183, 3.] 

Rosorciiiol (7 parts) is mixed with phthalic 
anhydride (5 parts), and powdered anhydrous zinc 
chloride (3 parts) is gradually added to tho mixture, 
with stirring, at a temperature of 180°. When all 
the zinc chloride has been added, tho mass is heated 
to 210° for two hours. The cooled mass is then 
pulverised and boiled with dilute hydrochloric acid 
for ten minutes, after which the solid fluorescein is 
filtered and washed. It tnay be purified by re- 
crystallising from alcohol. Yield, about 80 per 
cent. 



Malachite Green. 

[Ann., 1881, 206, 122.] 

Dimethylaniline (5 parts) is mixed with benzalde- 
hyde (2 parts) and powdered anhydrous zinc chloride 
(4 parts). 
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Tlii.g mi.xturo is heated on the water-bath, in a 
basin, until it no longer smells of benzaldehyde (four 
to five hours). 

The product is then transferred to a large flask 
and diiatillod with steam to remove unchanged 
dimethyl-anilino ; the leuco-base is filtered when 
cool and recrystallised fi’om alcohol. Almost a quanti- 
tative yield is obtained. The zinc chloride double 
salt of the dye is prepared as follows : Ten. gms. of 
the base is dissolved in dilute hydrochloric acid 
containing 2'7 gnis. of HCl ; the liquid is diluted with 
800 c.c. of water and 10 gms. of 40 per cent, acetic 
acid added; it is then cooled with ice, and a thin paste 
of 7‘5 gms. of lead peroxide added gradually with 
shaking. After standing a few minutes, the lead is 
precipitated by adding 20 per cent, sodimn sulphate, 
and to tho filtrate from lead sulphate is added 8 gms. 
of zinc chloride dissolved in a little water. The dye 
is then salted ont by addition of common salt. Yield, 
about 7 gms. 



Acridine. 

[Bor., 1884,, 17 , 101.] 

Diplienylamine (1 part) is mixed with chloroform 
(1 part), zinc chloride (1 part), and ziuc oxide (i a 
part). The mixture is placed in a sealed tube 
and heated to 200°— 210° for seven to eight hours. 
The mixture is then digested with cone, hydrochloric 
acid and the filtered .solution poured into water to 
precipitate any unchanged diphenylamine, the hydro- 
chloride of which is dissociated by water. From the 
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filtered solution, acridine is precipitated by sodium 
hydroxide, and may be recrystallised from hot water 
after separating by steam distillation. Fine leaflets. 
M.p. 110°, Yield, about 50 per cent. 

a-METHYL-lNDOLE. 

[Ber., 1886, 19, 1663.] 

Acetone phenyl-hydrazoiie is first prepared by 
mixing phenyl-hydrazine (30 gms.) with acetone 
(18 gms.). The mixture becomes warm and water 
separates j it is then heated on the water-bath for 
half an hour, and at the end of this time heated in 
a dish on the water-bath, to drive off acetone and 
steam. The hydrazoue is then mixed with five times 
its weight of anhydrous zinc chloride, and heated 
under a reflux condenser in an oil-bath at 180°. A 
vigorous reaction takes place, and when completed, 
the dark-coloured mass is distilled with steam. The 
a-methyl-indole collects in the receiver and soon 
solidifies to a pale yellow mass. It may be purified 
by recrystallisiug from ligroin. M.p. 59°. Yield 
is over 60 per cent, of that calculated. 

Pjboptl Chloride, 

[J. Am. Chem. Soc., 1907, 29, 1328.] 

Anhydrous zinc chloride (30 gms.) is melted in a 
round flask (i-litre), which is rotated so that the 
cooled chloride forms a layer inside, with a large 
surface exposed. The flask is fitted with a three- 
holed cork through which pass two dropping funnels 
and a fractionating column ; the last is fitted with a 
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thermometer and the sido tube passes into a vertical 
spiral condenser. Thi-ongh a second hole at the 
top of the condenser, a tube is passed for dropping 
cold water, so that hydrogen chloride may be 
absorbed. Propyl alcohol (54 gms.) is required and 
phosphorus trichloride (30 gms.). One half of the 
trichloride is run in from the funnel which reaches 
to the bottom of the flask, and while heating gently, 
one third of the alcohol is admitted drop by drop 
through the second funnel which reaches just above 
the level of the mixture. When this portion has 
been added the remaining phosphorus trichloiide and 
alcohol aro added simultaneously and at the same 
rate. Propyl chloiidc distils ovei', mixed with 
hydrogen chloride continuously, but the latter is 
prevented from escaping into the air, by dropping 
water at a suitable rate into the condenser. The 
distillation (hitherto conducted on a water-bath) is 
fini.slied over a flame, and the propyl cliloride 
separated and dried over calcium chloride. Yield, 
80-90 per ccut. B.]d. 44°. 



a-ETITOXT-QUINOIJNE. 

[Bor., 1882, 13, 2103.] 

0 -Aiuino-ciunaraic ester (20 gms.), prepajred by 
reducing o-nitro- cinnamic acid and then esterifying 
the resulting amino-acid (.see p. 162), is warmed with 
a saturated alcoholic solution of zinc cliloride for 
some hours at 80°-90°. The mixture is then made 
alkahne and distilled with steam, when the quinoline 
derivative pa.sses over and may bo extracted from 
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the distillate with ethev. After drying the extract 
over potassium carbonate and removing the ethor, 
the remaining oil is distilled, B.p. 256°. 



Phthalic Acid. 

[D.E.P. 91202.] 

Naphthalene (20 gnns.) is mixed with mercuric 
sulphate (10 gms.) and couceiitratod sulphinic acid 
(300 gms.) in a retort which is fixed upright, and 
warmed until the naphthalene has dissolved. The 
retort is then turned, connected with an air-condenser 
and heated strongly. Reaction commences .at 200°- 
250° and becomes vigorous at 300°, while the pro- 
ducts distilling over, consist of phthalic acid, sulpho- 
phthalic acid, naphthalene, and water, accompanied 
by sulphur dioxide and carbon dioxide. The distil- 
late is collected in 250 c.c. of cold water and heating 
continued till the retort is nearly dry, after which 
the distillate is filtered. The precipitate is washed 
with water and then dissolved in sodium hydroxide, 
filtered from unchanged naphthalene, and the phthalic 
acid re-precipitated by hydrochloric acid. It nnvy bo 
recrystallised from water or alcohol. Yield, about 
70 per cent. 
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DxMETHyi.-ANILlNK-PITOSriIOE-C:TJLOBTI)E 
[Bor., 1888. 21, 1407.] 

Phosphorus trichloi-ido (33 gins.) is mixed with 
dimethyl-aniline (23 gms.) in a fla.sk fitted with a 
reflux condenser. 

Anhydrous aluminium chloride (7 gms.) is then 
added, through the condenser, a little at a tinio 
whereby a vigorous reaction ensues. When all the 
chloride ha.s been added, the flask is In'atoil on a 
water-bath for three hours, and then when cool, the 
oily liquid is extracted two or throe, times with 
petroleum ethei- (until the residue in the flask is 
nearly solid). 

On distilling the clear extract over a watcr-batli, 
the petroleum ether is removed, and tho residue cm 
cooling separates in tables. It may be purified by 
recrystallisation from ether or benzene. 

Yellow cry.stals ; ni.p. C>G°. Yield, alicint 50 per 

f. 
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^-Tounc-Ai-nEnTDE. 

[Ber., 1897, 30, 1C22.] 

Toluene (30 gms.) is mixed with anhydrous 
aluminium chloride (45 gins.) aud cuprous chloride 
(4 gms.) in a flask, and into the mixture a stream of 
carbon monoxide and hydrogen chloride gases is 
passed, while the flask is continually shaken and the 
temperature maintained at 20°-25°, The carbon 
monoxide may be stored in a 10- litre bottle and is 
enough to pass steadily for about three hours. The 
hydrogen chloride should pass at half the rate of 
the carbon monoxide. The escaping gases may be 
collected in a second bottle and used over again. 

At the end of three hours the reaction-product is 
poured into ice-water; an oily layer separates, and 
the mixture is distilled with steam to remove toluene 
aud toluic aldehyde. The aqueous distillate is 
shaken with saturated sodium bisulphite, aud undis- 
solved toluene separated from the aqueous layer. 
If the aldehyde bisulphite separates at this stage it 
must be dissolved by adding more water. 

Finally, the separated aqueous solution is made 
alkaline with sodium hydroxide and distilled with 
steam ; the aqueous distillate is then extracted with 
ether, and after drying over calcium chloride the 
ether is removed by distillation. Yield, about 20 
gms. of oil; b.p., 204°. 

Diphenyl Methane. 

[Trans., 1896, 67.82G.] , 

Benzene (60 gms.) is placed in a flask under a 
reflux condenser and half a gram of aluminium- 
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mercury couple added in strips. The couple is 
prepared by immersing aluminium foil in concentrated 
mercuric chloride .solution for a minute ; the mercury- 
coated strips are first washed with water, then with 
alcohol, and lastly with benzene, and dropped quickly 
into the benzene in the flask. Benzyl chloride 
(30 gms.) is then added slowly, from a tap-funuel in 
the top of the condenser, during one hour. Effer- 
vescence is caused by the evolution of hydrogen 
chloride, and when all has been added the flask is 
heated for a short time on the water-bath (quarter 
of an hour). 

The liquid is then shaken up with dilute sodium 
hydroxido solution, tho benzene layer separated and 
fractionally distilled. When the temperature reaches 
100°, the distillation is continued under diminished 
pressure (80 mm.) and the fraction collected which 
passes over at 170-176°. On cooling, this forms a 
mass of colourlc.s8 needles (diphenyl methane). M.p. 
25°. Yield, about 14 gm.s. 



a-HVDEINDONE. 

[Trans., ISM, 66, 48<l.] 

ffydrodnnavlic Acid -> ^-Phenyl-pr oniony I Chloride. 

Cinnamic acid (1 part) is mixed wth water (10 
parts) and neutralised with sodium hydroxide. To 
this solution, 2^ percent, sodium amalgam (17* parts) 
is gradually added with shaking, after which the 
liquid is poured oil’ from tho mercury, and the 
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hydro cimiamic acid precipitated by hydrochloric acid. 
Yield, 80-90 pei- cent . ; ni.p. 47°. 

The acid chloride i.s prepared by treating the acid 
(50 gnis.) in a flask, gradually, with phosphorus 
pentachloride (69 gms.) ; the reaction may be com- 
pleted by warming on the water-bath. To remove 
phosphorus oxychloride, the liquid is distilled under 
diminished pressure ; subsequently the pre.ssure is 
reduced to below 35 mni. before the /3-pheiiyl- 
propiouyl chloride can be distilled without docomposi- 
tion. B.p. 125°— 135° at 33 mm. and 117°— 119° under 
13 mm. Yield, about 90 per cent. 

j3-Phenyl-propionyl chloride (25 gms.) is dissolved 
ill petroleum ether (b.p. 60°— 70°), and aftei- adding 
anhydrous aluminium chloride (25 gms.) the mixture 
is heated gently, under a reflux condenser, oil the 
water-bath, till the mixture boils and a vigorous 
evolution of hydrogen chloride takes place ; the flask 
is then removed till the reaction subsides. 

This heating on the water-bath and subsequent 
cooling, is repeated until the evolution of hydrogen 
chloride is small (20-30 mins.). After treatment 
with ice-cold water the mixture is steam distilled, and 
the hydrindone in the receiver is extracted with 
petroleum ether, washed with sodium carbonate and 
crystallised. 

Colourless crystals ; m.p. 41°. Yield,aboiit 10 gms. 

Till PIIENYL-METHAN E . 

[Bor., 1803, 26, 1961.] 

Dry benzene (160 gms.) is mixed ivitli dry chloro- 
form (32 gms.) in a flask connected with a I’oflux 
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condenser, and powdcredaliiminiuni cliloiide (25 gms.) 
is added gradually, with shaking. 

Hydrogen cliloride is evolved, and when all tho 
aluminium chloride ha.s been added, the flask is 
heated to boiling for half au hour, 

When cold, tho mixture is added to au equal volume 
of cold water, and tho upper benzene layer which con- 
tains tho tripheuyl-methane, is separated and dried 
over calcium chloride. Benzene is then distilled off 
and the temperature finally i-aised to 200°, after 
which any diphenyl-ni ethane is removed by distilling 
under 80 nini. pressure. B.p. 175°. When the 
thennoniotor rises above 180°, tho distillation is 
stopped and the residue, when oool, extracted with 
warm benzene. 

The crystals obtained from this liquid contain 
benzene of crystallisation which is removed by 
heating on tho water-bath; tho trq'ihonyl -methane 
may bo recrystallised from alcohol. Colourless jdates ; 
m.p. 92°. Yield, 20—25 gms. 



Acetophenone. 

Aluminium chlorido (60 gms.) is powdered, and 
covered with benzene (36 gms.) in a half-litro flask 
fitted with a reflux condenser, and acetyl chlorido 
(42 gms.) is gradually added to tho well cooled 
mixture through a tap-funnel. A vigorous evolution 
of hydi’Ogeu chlorido takes place and the mixture is 
allowed to stand for an hour, after which it is stirred 
and poured into 300 c.c. of ice-cold water. The 
aluminium compound decomposes with evolution of 
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heatj and tlie dark oil which separates is extracted 
with benzene. The benzene extract, after washing 
with dilute caustic soda and then with water, is 
dried over calcium chloride and distilled. Benzene 
passes over first and the thermometer then rises 
rapidly to 190°; that portion is collected as aceto- 
phenone which distils at 195°— 200°. The pale yellow 
oil solidifies on cooling. Yield, about 25 gms. 
Colourless plates ; m.p. 20°, b.p. 202°. 



o-Benzoyl-benzoic Acid. 

[Ber., 1880, 13, 1612.] 

Phtlialic anhydride (25 gras.) is dissolved in warm 
benzene (250 gms,), and dry aluminium chloride (40 
gms.) is gradually added during three quarters of an 
hour, After standing for a short time the cooled 
benzene layer is poured off and decomposed by dilute 
hydrochloric acid, when a yellow mass separates, 
which is washed with water and then treated with 
warm sodium carbonate solution, whereby most of 
the solid dissolves. The acid (benzoyl-benzoic) is 
reprecipitated by acidifying the solution of the 
sodium salt, and may be recrystallised from xylene. 
Yield, about 15 gms. 

Phenyl-benzoyl-benzoic acid — 




00«H4.CbH5 

OOH 



may be prepared similarly, using diphenyl and 
phthalic anhydride. 

[J. Prakt. Chem., 1890, 149, 147.] 
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Benzoyl-hen’/joic Ac, id -> Anthraqtdnmie. 

The acid is dissolved in cone, sulphuric acid and 
heated to 100° for half an hour. On pouiiiig into 
water, a white precipitate of crude anthraquiuone is 
formed, which is washed with water and then with 
sodium hydroxide solution. 

It is then recrystalliscd from glacial acetic acid 
and further purified by sublimation. Yellow needles : 
m.p. 275°. 



Hydrolysis of Anisolb by AICI3. 

[Ber., 1892, 23, 3531.] 

Anisole (10 grns.) is mixed gradually with 
powdered anhydrous aluminium chloride (15 grns.). 
A vigorous reaction ensues, and crystals of aluminium 
double compound separate ; the flask is then heated 
ill an oil-hath to 120° for three hours, when methyl 
chloride is steadily evolved. At the end of this time 
the aluminium phenolate is decomposed by cold water 
acidified with hydrochloric acid, and the phenol ex- 
tracted with ether. 

Unchanged anisole is removed from the phenol 
thus obtained, by dissolving the] latter in sodium 
hydroxide and re-precipitating with acid, and again 
extracting with ether, Yield, about 5 grns. 

Toluene from p-Toluidine. 

[Ber., 1889, 22, 687.] 

p-Toluidine (15 grns.) is dissolved hi 45 c.c. cone, 
hydrochloric acid diluted with 90 c.c. of water, and 
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diazotiscd with sodinrii nitrite (10- 5 gms.). The 
diazoiiiuiii solution is poured into caustic soda solu- 
tion made by dissolving 22 gms. of sodium hydroxide 
in 75 c.c. of water, and the mixture is kept below 10° 
all the time. This alkaline mixture containing the 
diazonium salt is next added slowly, through a con- 
denser, to alkaline stannous chloride solution, in a 
flask which is iiiunersed in ice. The alkaline tin 
solution is prepared by dissolving tin chloride (45 gms.) 
in water (110 gins.), and adding 50 per cent, caustic 
soda solution till tho precipitated tin hydroxide 
almost dissolves. A vigorous evolution of nitrogen 
takes place after each addition of the diazo-solution 
and impure toluene separates; this is removed by 
steam distillation, and the toluene in the distillate 
separated and dried over calcium chloride. Yield, 
about 8 gms. 



Du'HENYL. 

[Bor., 1876, 9, 407.] 

Benzene (100 gms.) is boiled and the vapour 
passed through an iron or glass combustion tube 1 
metre long, which is filled with granulated pumice 
and heated to redness in a furnace. The vapours 
issuing from the combustion tube (consisting of 
diphenyl, unchanged benzene, and hydrogen) are 
passed through a condenser so an’anged as to bring 
the diphenyl, etc., back to the flask of boiling 
benzene. A glass tube fused into the lower end of 
the condenser serves for the escape of hydrogen 
which is liberated during the reaction. By this 
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arrangement^ the vapours pass repeatedly through the 
red-hot pumice, and after two hours, the contents of 
the flask may be distilled and that portion boiling 
below 150° rejected. The remainder, in the distilling 
flask, solidifies on cooling and may be recrystallised 
from alcohol. M.p., 71°. 



Oxalic Acid. 

[jr. Pratt. Chem., 1907, 78, 146.] 

Concentrated nitric acid (140 c.c.) containing 
vanadium pentoxide (0‘1 grm.) is warmed gently in 
a litre-flask ,- it is then placed in a fume-cupboard 
and powdered cane-sugar (20 gms.) is added. 

As soon as the reaction becomes vigorous and 
brown fumes are evolved, the flask is placed in cold 
water to moderate the reaction. The mixture is 
allowed to stand for twenty-four hours, by which 
time the oxalic acid will have crystallised; the 
crystals are drained and reciystallised from water. 
Yield, about 16 gms. 



11 
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PRACTICAL WORK: IRON. NICKEL. PLATINUM 

o-Amino-benzaldehyde. 

[Ber., 1884, 17, 456, 764.] 

o-Nitro-beuzaldehyde (10 gms.) is suspended in a 
litre of water, containing 100 gms. of ferrous sulphate 
ill solution, and excess of ammonia solution is added. 
The mixture is then heated to 100° for ten minutes 
and afterwards steam-distilled ; the amino-benzal- 
dehyde is extracted from the distillate with ether. 
M.p. 39°. 



o-Amino-cinnamic Acid, 

[Ber., 1882, 15, 2299.] 

o-Nitro-cinnamic acid (30 gms.) is reduced by 
ferrous sulphate (270 gms.) as above. Instead of steam- 
distilling, it is advisable to filter from ferric hydroxide 
and to precipitate the amino-acid in the cold solution 
by adding glacial acetic acid. Bright yellow needles 
of amino-cinnamic acid separate. Yield, 54 per cent. 
M.p. 158°. 
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Mannose prom Mannitol. 

[Trans., 1899, 7S, 9.] 

Mannitol (40 gms.) is dissolved in water (100 c.c.), 
and powdered ferrous sulphate (10 gms.) added. 
When this has dissolved, the clear solution is 
oxidised by added “ 20-volume ” hydrogen peroxide 
(120 c.c.) gradually. After standing for two hours 
the solution is divided into two parts, one of which 
is used for isolating the mannose as follows ; The 
solution is treated with excess of barium carbonate 
and filtered from iron oxide, etc. It is then 
distilled under diminished pressure at 50° to remove 
water, and the syrup obtained is then transferred to a 
dish and allowed to crystallise. Yield of mannose, 
8—10 gms. 

The second half of the above solution is again 
divided and one part used for preparing the bydra- 
zone, while the other part serves for preparing the 
osazone. 

The hydrazone is prepared by making the solution 
alkaline with sodium carbonate and then acidifying 
with acetic acid; to this solution is added phenyl- 
hydrazine (5 gms.) which has been dissolved in 25 
per cent, acetic acid. After standing for forty-five 
minutes the hydrazone is filtered off, washed with a 
very httle acetone and recrystallised from water. 
Pale yellow crystals; m.p. 181°. Yield, about 5 gms. 

The portion used for preparing the osazone is made 
alkaline with sodium carbonate, then acidified with 
acetic acid, and phenyl-hydrazine (10 gms.) dissolved 
in 25 per cent, acetic acid is added together with 10 
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gms. of sodium acetate in a little water. This mixture 
is digested on the water-bath for three hours, after 
which the osazone is filtered, washed with water, and 
recrystallised from alcohol. M.p. 195° j yield, about 
8 gms. 

Hexahtdeo-bbnzene. 

[Compt. rend., 1901, 132, 210.] 

A 50 cm, combustion tube is loosely packed with 
pumice, which has been previously mixed with an 
equal weight of nickel oxide and a little water, and 
gently dried. 

This is then placed in an air-bath and heated to 
about 300° while a stream of hydrogen gas is passed 
through, to reduce the oxide. When no more steam 
is produced the tube is allowed to cool, and to one 
end is attached a distilling flask, containing 30 c.c. of 
benzene, through the neck of which, a glass tube 
passes connected with a hydrogen-generating appa- 
ratus. The hydrogen is allowed to pass through the 
tube, driving out all air, and is then made to bubble 
through the benzene warmed to 30°, while the nickel- 
pumice is heated to 180°— 190°. About six hours is 
required to pass all the benzene through and to 
convert it into hexahydro-benzene. Any unchanged 
benzene is removed by nitrating the distillate. Yield, 
80 per cent. B.p. 80°— 82°. 



Hexahtdro-phenol, 

[Compt. rend., 1901, 182, 210.] 

About 40 gms. of phenol may be reduced by 
hydrogen in the presence of reduced nickel, by the 
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satno mothodaH lioxaliydro-l)on7.ono is proparod. The 
toxnporatuvo of l.lio nic.kol should ho J 60”— 170” and 
tilt' phoiiol may ho lioakxl nearly to its Ixiiling point 
•wliilo a fairly vapi<l current of dry liydrogen huhhlos 
tlirough it. The {listillato ultiTnatcly obtained, is 
sliakeii wil.h canstic soda sohition to remove im- 
cli*i<iigo<l phenol, (ixtracied with other, and after 
drying the extract over potassiim) carhoimto, it is 
frii/Ctiorially distilled. 

B.p, of hoxaliydro-jdionol is 170”. 
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Desyl-aoetophenone, 30, 126 
Diaeeto-STioolnio ester, 11, 40, 116 
Diacetyl-dioarboxylio ester, 20 
Diaoetylene dioarboxyllo acid, 37 
Diazo-oompotuids, 38 
Dibenzoyl methane, 19 
Di-isatogen, 38 
Di-isopropyl snooinio acid, 35 
Di-keto-hexamethylene, 17, 119 
Diketones by ZnRI, 66 
0-Diketones by AICI3, 79 
Dimethyl-aniline-phosphor-chlo- 
ride, 82, 163 

glntario ester, 20 
succinic ester, 14, 36 
Di-o-nitrophenyl-diacetylene, 38, 
132 

Dipentene,31, 62 
Diphenyl, 160 

diaoetylene, 88 
methane, 164 
Di-tertiary glycols, 60 

Esterification by ca^ysts, 98 
Ethane tetracarboxylio ester, 11, 
116 

Ethoxy-quinoline, 73, 161 
Ethyl acetophenone, 124 
Ethyl benzene, 104 
Exhaustive methylation, 41 

Eats, hydrolysis by PbO, 85 
Eerrio chloride, 88 
Eerrous sulphate, 88, 162 
Eluoresoein, 148 
Eormaldehyde, 100, 135 
Eriedel-Cr^ts’ reaction, 77, 163 
Eurfurane, 12 
Eurfurol acrolein, 26, 124 

Oattennann, 39, 135 
Glycerose, 26 
Grignard reagent, 41, 137 
Guanidine, 56, 142 

Hexahydrophenol, 164 
Hexamethylene, 4, 61, 106, 164 
Hexaphenyl ethane, 40 
Hydrindone, 79, 166 



Hydrogen peroxide, 89, 163 
Hydrolysis by AICI3, 82, 159 
by catalysts, 99 

Hydroxymethylene camphor, 22, 
122 

ketones, 23 

Indigo, 23, 25, 38, 74 
p-Iodopropionic acid, 35, 128 
louone, 28 
Isoprene, 24 
Isoquinoline, 70, 146 

Keten, 68, 101 

^-Keto-hexahydrobenzoicacid, 14, 
52 

Keto-pentamethylene, 60, J41 
carboxyUe ester, 18 
Komppa, 20 

Lead monoxide, 85 

organo-eompounds of, 19, 50, 
83, 120 

peroxide, 86, 149 
tetraphenyl, 50, 120 

Magnesium syntheses, 46, 137 
Malachite green, 31, 71, 148 
Malonic ester, 11, 16, 114 
Manganese dioxide, 97 
Mannose, 162 
Mercury diphenyl, 60, 120 
Mercuric oxide, 74 
p-Menthadiene, 63 
Mesityl-oxide-oxalio ester, 18 
Metallic oxides as catalysts, 97 
Methane, synthesis of, 37 
Methyl benzoate. 111 
succinic ester, 118 
indole, 72, 150 
Molybdenum, 86 

Naphthalene, 146 
ifaphthyl-phenyl-ketone, 67 
Nickel as catalyst, 89, 164 
Nitrides, 68 

o-Nitro-cinnamie ester, 132 
Nitro-compormds, reduction of, 
88, 94, 101, 162 
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Nitrogen fixation, 64 
Nitroso-ketones, 22 

Olefines from alkyl chlorides, 99 
Organo-metals, 19, 50, 62, 82, 120 
Oxalic acid, 161 
Oxalyl-acetic ester, 21, 121 

Palladium, 101 
Pentamethylene, 61, 141 
Petroleum formation, 91, 96 
Phenanthroxylene acetoacetic 
ester, 32, 127 

Phenyl-ethyl-carbinol, 138 
Phenyl salicylic acid, 36 
Phenyl -tolyl- methane, 67 
Phloroglucin, 17 
Phthalic acid, 74, 162 
Phthalide, 146 
Pivalic acid, 60 
Platinum as catalyst, 93 
Polymethylenes, 4 
Potassium alkyl sulphate, 3 
cyanide, 30, 126 
ferricyanido, 37, 183 
hydroxide, 31, 127 
nitrate, 32, 125 
Propiolic acid, 37 
Propyl chloride, 72, 150 
Pyrazolon, 14, 118 
Pyrrol, 12, 69 
Pyruvic acid, 31 

Quinoline, 26, 27 
Quinones, 27 



Silicon tetraphenyl, 19, 50, 121 
Silver cyanide, 40 
hydroxide, 41 
Sodamide, 22, 124 
Sodium cyanide, 23, 67 
ethylate, 19, 122 
hydroxide, 24, 124 
Stannous chloride, 169 
Suberic ester, 36 
Succino-succinic ester, 16, 119 



Teraoonic ester, 19 
Terpineol, 31 
Tetra-acetyl ethane, 13 
Tetramethylene carboxylic ester, 
16 

Thiophene, 12 
Thoria as catalyst, 98 
Tin tetrachloride, 87 
Tin tetraphenyl, 19, 50, 82, 120 
Toluene, 169 
Toluic aldehyde, 154 
Triacetyl-benzene, 20 
Trimethyl carbinol, 138 
Trimethylene, 4 

dioarboxylic acid, 109 
Triphenyl benzene, 32 
carbinol, 139 
methane, 156 
methyl, 40 

Tungstic oxide as catalyst, 98 
Vanadium pentoxide, 87, 161 



Refwmatsky’s reaction, 65, 66, | Wurtz-Pittig reaction, 2, 104 
Rubber, artificial, 24 

Jjimc alkyl, syntheses, 64, 145 
Sabatier and Senderens, 89, ■ : ; ' Al' i cj : as aa’e^ufiing^g^nt, 69, 146 
Sandmeyer’s reaction, 39,;;i3^\ ' oEI^fttb8^^0,y^&^ 
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